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I 9 6 0 .
The t o t a l  s y n t h e s i s  o f  c l o v e n e ,  a  t r i c y c l i c  
r e a r r a n g e m e n t  p r o d u c t  o f  e a r y o p h y l l e n e  h a s  b e e n  u n d e r t a k e n .  
PABT o m .
M e th y l  3 - m e t h y lc y c lQ h e x a n Q n e - 3 ~ a .o e t a t e  was p r e p a r e d  
from 3 - m e t h y l c y c l o h e x - 2 - e n o n e  by t r e a t m e n t  w i t h  d i e t h y l  
m a l o n a t e  and  sodium e t h o x i d e ,  f o l l o w e d  by h y d r o l y s i s ,  
d e c a r b o x y l a t i o n  and  r e - e s t e r i f i c a t i o n .  T r e a tm e n t  o f  
t h e  k e t o - e s t e r  w i t h  m a l o n o n i t r i l e  a f f o r d e d  3 - c a r b o -  
m e t h o x y m e t h y l - 3 - m e t h y l c y c l o n e x y l i d e n e m a l o n o n i t r l l e ,  
w h ich  was c o n v e r t e d  t o  3 - c a r b o m e t h o x y r n e t h y l - 3 ~ ® e t h y l -
1 - c y a n o - l - d l c y a n o m e t h y l e y c l o h e x & n e  a s  a  m i x t u r e  o f  
s t e r e o i s o m e r s .  H y d r o l y s i s ,  d e c a r b o x y l a t i o n ,  r e *  
e s t e r i f i c a t i o n  and h i . g h - d i i u t i o n ,  i n t r a - m o l e c u l a r  
Dieckmann c y c l i s a t i o n  f u r n i s h e d  a s e p a r a b l e  m i x t u r e  of  
5 - m e t h y l b i c y c l o  [3 »31'Q n o r i a n - 3 " h n e * l * c a r b o x y l i c  a c i d  
and  5 - m e t h y i b i c y c l o (3 *2 s i ]  o c t a n - 7 ~ o n e - l - a c e t i c  a c i d *
5 - ^ e t h y l - l - ( i s o p r o p e n y l a c e t o ) - b i c y c l o [ 3 5 3 sIJ n o n a n - 3 - o n e  
was t h e n  p r e p a r e d  from t h e  5 - m e t h y l b i c y c l o  [3 s 3 s l ]  n o n a n -  
3- o n e - l - c a r b o x y l i c  a c i d  c h l o r i d e ,  b u t  i t  was fo u n d  t o  b e  
i m p o s s i b l e  t o  c y c l i s e  t h e  e n e d i o n e  t o  c l o v a n - 2 s6 - d i o n e *  
F u r t h e r  m o d i f i c a t i o n s  o f  5 - m e t h y i b i c y c l o  [3 *3 *1]  n o n a n -  
3 - o n e - l - * c a r b o x y l i c  a c i d  a n d  s e v e r a l  a l t e r n a t i v e  
u n s u c c e s s f u l  o y c l l s a t i o n s  t o  t h e  c loven©  s k e l e t o n  a r e  
d e s c r i b e d #
PART TWO.
2 - C a r b e t h o x y - 6 ~ m e t h y lc y c l o h e x a n o n e ,  on t r e a t m e n t  
w i t h  a c r o l e i n ,  g a v e  3- ( l~ c a rb e th o :x y * -2 ~ k e t a - 3 - m e t h y l -  
c y c l o h e x y l j - p r o p i o n a l d e h y d e  w h ich  c y c l i s e d  i n  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  t o  e t h y l  5 ~ m e t h y l b i c y c l o [3 *3 * l ]  n o n - 3 - e n e - 9 ~  
o n e - l - c a r b o x y l a t e .  Clemmensen r e d u c t i o n  o f  t h e  
c o r r e s p o n d i n g  k e t o - a c i d  f u r n i s h e d  5 - m e t h y l b i c y c l o £3 *34X j -  
n o n - 3- e n e - l - c a r b o x y l i c  a c i d ,  w hich  by d i r e c t  a l l y l i c  
o x i d a t i o n  f o l l o w e d  by c a t a l y t i c  r e d u c t i o n  a f f o r d e d  5 - m o t n y l -  
b l c y c l o [ 31353]  n o n a n - 2 ~ o n e - l * c & r b o x y l i c  a c i d .  A s t e p w i s e  
a l l y l i c  o x i d a t i o n  o f  t h e  o l e f i n i c - e s t e r  h a s  b e e n  d e v i s e d .  
T r e a t m e n t  w i t h  t - b u t v l  p e r b e n z o a t e ,  f o l l o w e d  by t r a n a -  
e s t e r i f i c a t i o n  w i t h  sodium m e th o x id e  and  o x i d a t i o n  w i t h  
m an g a n ese  d i o x i d e  a f f o r d e d  m e th y l  5 - m e t h y l b i c y c l o [ 3 ; 353]  * 
n o n *3-ene**2 - c n e - l - e a r b o x y l a t e  i n  good  o v e r a l l  y i e l d  I n  a  
h i g h  s t a t e  o f  p u r i t y .  H y d r o g e n a t i o n  and  s a p o n i f i c a t i o n  
f u r n i s h e d  5 ~ m e th y lb i e y c lo * { 3 J 3 * 3  no nan *2 -  on e - 1 -  c a r b  oxy 1 i  c a c i d .  
V a r i o u s  s y n t h e t i c  p a th w a y s  from t h i s  sy s te m  t o  t o e  c l o v e n e  
s k e l e t o n  h a v e  b e e n  p u r s u e d ,
5 - M e t h y l b i c y e l o  {3*3*11 n o n a n e - l - c a r b o x y l i c  a c i d  h a s  b e e n  
s y n t h e s i s e d  by o l f f * i i s h n e r  r e d u c t i o n  o f  5 - m e t h y l b i c y c l o *  
(3 *3 *9 . n o n a n - 3 - o n e - l ~ c a r b o x y i i e  a c i d  and  by c a t a l y t i c  
h y d r o g e n a t i o n  o f  5 - m e t h y l b i c y c l o  [35 3 1 9  non~3* e n e - l - c a r b o x y l i c  
a c i d .  The s t r u c t u r e  o f  t h e  p a r e n t  b i c y c l o [ 3 5  3 i l ]  no nane  
s y s te m  i s  t h u s  a u t h e n t i c a t e d  by i t s  s y n t h e s i s  f rom two 
t o t a l l y  I n d e p e n d e n t  s y n t h e t i c  p a th w a y s#
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h i s t o r i c a l
( F o rm u la e  f l o w s h e e t s  f o r  t h i s  s e c t i o n  on p* 12 )*
The l i q u i d  s e s q u i t e r p e n e  f r a c t i o n  o b t a i n e d  e s  
a b y - p r o d u c t  i n  t h e  r e c e s s i n g  o f  c l o v e  o i l  ( f rom  
E u g e n ia  c a r y o p h y l l a t a )  p r o v i d e s  a r e a d y  s o u r c e  o f  
a m i x t u r e  o f  h y d r o c a r b o n s  whose m a j o r  c o n s t i t u e n t  
i s  t h e  s u b s t a n c e  c a r y o p h y l l e n e  ( I ) *  The e a r l y  
l i t e r a t u r e  ( 1 ) d i s t i n g u i s h e d  t h r e e  c a r y o p h y l l e n e s  
d e s i g n a t e d  a s * ( »  ^3 and  #  * The oCcompound h a s  s i n c e  
b e e n  shown ( 2 ) t o  b e  i d e n t i c a l  w i t h  h u m u len e  w h i l e  
- c a r y o p h y l l e n e ,  now r e f e r r e d  t o  a s  i s o o a r y o p h y l l e n e  
( I I ) ,  i s  a n  ' s o m e r lc  a r t i f a c t  o f  t h e  n a t u r a l l y  
s e c u r i n g  i s o m e r , ^  - c a r y o p h y l l e n e  ( I ) ,  now s im p ly  
r e f e r r e d  t o  a s  c a r y o p h y l l e n e  ( 3 )* f r l c a n  c o p a i b a  
o i l  ( f rom  O xys t igm a  m a n n i i  H / R a )  and  F r e n c h  
L a v e n d e r  o i l  h a v e  a l s o  b e e n  r e p o r t e d  t o  c o n t a i n  
c a r y o p h y l l e n e *
One o f  t h e  o u t s t a n d i n g  c h a r a c t e r i s t i c s  o f  
c a r y o p h y l l e n i c  compounds i s  t h e  r e a d i n e s s  w i t h  w h ich  
t h e y  u n d e r g o  a c i d  c a t a l y s e d  r e a r r a n g e m e n t s  w i t h  t h e  
f o r m a t i o n  o f  t r i c y c l i c  p r o d u c t s *  The s e v e r e  s k e l e t a l  
c h a n g e s  r e s u l t i n g  from t h e s e  r e a r r a n g e m e n t s  t o g e t h e r  
w i t h  t h e  l a c k  o f  c r y s t a l l i n e  d e r i v a t i v e s  t o  c h a r a c t e r i s e  
t h e  o i l y  p r o d u c t s ,  s e r v e d  t o  c o m p l i c a t e  much o f  t h e
e a r l y  I n v e s t i g a t i o n s *  on c a r y o p h y  l l e n e  *X). U nder  
a  v a r i e t y  o f  a c i d  h y d r a t i n g  c o n d i t i o n s  c a r y o p f t y i l e n e  
g i v e s  r i s e  t o  two I s o m e r i c  C f>lcoho3-s d e s i g n a t e d
©C a n d y S - c a r y o p h y l l e n e  a l c o h o l s  and  e m ono-unsa  t u r a t e d  
h y d r o c a r b o n ,  c l o v e n e  ( I ) i  / 3  - C a r y o p h y l l e n e
a l c o h o l ,  o r  a s  i t  I s  now c a l l e d ,  c a r y o l a n - l - o l  (4 )  h a s  
b e e n  a s s i g n e d  s t r u c t u r e  ( IV ;  Rs OH) (5 )  w h i l e  s t r u c t u r e s  
(V) and (VI)  r e s p e c t i v e l y  h a v e  b e e n  a s c r i b e d  t o  
c a r y o p h y  l l e n e  a l c o h o l  and  c l o v e n e  ( 5 , 1 4 )*
a r y o p h y l l e n e  was f o r m u l a t e d  a s  4 s l l « l l ~ t r i m @ t h y i ~  
8 ~ m e t h y l e n e b l c y e l o [ V * 2 t o ] u n d e o - 4 ~ ene  ( I )  by B a r t o n  a n d  
h i s  c o - w o r k e r s  (5 )  i n  1951 an d  s u b s e q u e n t l y  ( 6 )  t h i s  
was shown t o  b e  c o r r e c t *  On t h e  b a s i s  o f  s u b s t a n t i a l  
d e g r & d a t i v e  e v i d e n c e  ^ a r t o n ,  B ruun  and  L i n d s e y  (5 )  h a v e  
f o r m u l a t e d  c a r y o l a n - l - o l  (TV; R» )h) a s  1 - h y d r o x y - 4 s4 18 -  
t r l m e t h y l t r l c y c l o [ 6 * 3 * 1 * 0 ^ * 5 ]d od ecane*  P h o s p h o r u s  
p e n t a c h l o r l d e  t r e a t m e n t  o f  c a r y o l a n o l  (7 ) y i e l d s  a  
h i g h l y  c r y s t a l l i n e  c h l o r o  compound (IV; R*G1).  T ha t  
no r e a r r a n g e m e n t  o f  t h e  o a r y o l a n e  s k e l e t o n  h a d  o c c u r r e d  
d u r i n g  t h i s  c o n v e r s i o n  was shown by B a r t o n  and  h i s  
c o - w o r k e r s  (5 b )  i n  a n  e l e g a n t  s t e p w i s e  d e g r a d a t i o n ,  w h ic h  
p a r a l l e l e d  t h a t  f o r  c a r y o l a n o l  ( IV ;  R««QH), t o  t h e  same 
k e t o - a c i d  ( I I I ) .  T h is  showed t h a t  t h e  h y d r o x y l  g r o u p  i n  
( IV ;  R-OH) a n d  t h e  h a l o g e n  s u b s t i t u e n t  i n  ( IV ;  K«C1) w e re
a t t a c h e d  t o  t h e  r i n g  r e s i d u e s  I n  I d e n t i c a l  f a s h i o n  
and  t h a t  no r e a d j u s t m e n t  o f  t h e  c a r b o n  a to m s  was 
I n v o l v e d  I n  t h e i r  I n t e r c o n v e r s i o n .
i h e  b r i l l i a n t  X -ray  c r y s t a l l o g r a p h i c  d e t e r m i n a t i o n  
o f  t h e  s t r u c t u r e  o f  c a r y o l a n o l  c h l o r i d e  ( I V |  H*C1) by 
R o b e r t s o n  and  Todd ( 3 ) n o t  o n ly  c o n f i r m e d  t h e  b r i d g e - h e a d  
n a t u r e  o f  t h e  a l c o h o l  b u t  e s t s b l i s  ;ed a l g o  t h e  s t r u c t u r e  
(TV) and t h e  s t e r e o c h e m i s t r y  o f  t h e  m o le c u le *  Thus 
t h e  c y c l o b u t a n e  m o ie ty  was shown t o  b e  f u s e d  i n  a  
t r a n s  me n e r  t o  t h e  l a r g e r  r i n g *  f u r t h e r  t h e  h y d r o g e n  
a t  C5 i n  c a r y o l a n o l  c h l o r i d e  was s e e n  t o  l i e  on t h e  
same s i d e  o f  t h e  m o l e c u l e  a s  t h e  C12 m e t h y l e n e  b r i d g e *
The t r i c y c l i c  m o n o - u n s a t u r a t e d  s e s q u i t e r p e n e ,  
c l o v e n e ,  r e p o r t e d  t o  b e  formed f rom
c a r y o o h y l l e n e  by a  v a r i e t y  o f  a c i d  h y d r a t i n g  a g e n t s  ( 1 )* 
Thus a l l a c h  and  W alk e r  (7 )  e m p lo y in g  t h e  B e r t r a m -  
l a lb su m  r e a g e n t  ( g l a c i a l  a c e t i c  and  d i l u t e  s u l p h u r i c  
a c i d s )  o b t a i n e d  c l o v e n e  a s  ©n o i l y  h y d r o c a r b o n  
m i x t u r e  t o g e t h e r  w i t h  t h e  c r y s t a l l i n e  c a r y o l a n o l *  A 
l i q u i d  m o n o - h y d r o c h l o r i d e  o f  c a r y o p i i y l l e n e  g a v e ,  on 
t r e a t m e n t  w i t h  s i l v e r  a c e t a t e  i n  a c e t i c  a c i d ,  an  o i l ,  
c o n s i d e r e d  by B e l l  an d  H e n d e r s o n  ( 9 ) t o  b e  c lo v e n ® ,  
t o g e t h e r  w i t h  t h e  a c e t a t e  of<?C-c a r y o p h y l l e n e  a l c o h o l  
w h ic h  when h y d r o l y s e d  a n d  d e h y d r a t e d  f u r n i s h e d  an  o l e f i n .
4-.
l i k e w i s e  c o n s i d e r e d  t o  b e  c lo v e n e *  The work o f  
s a h i n n  and Tsukamoto  ( 1 0 , 1 1 } snowed t h a t  h y d r a t i o n  
o f  c a r y o p h y l l e n e  w i t h  A e e h a n ' s  r e a g e n t  ( s u l p h u r i c  a c i d  
m o n o h y d r a t e  i n  e t h e r )  f u r n i s h e d  n o t  o n ly  a  m i x t u r e  o f  
c l o v e n e  and  c a r y o l a n o l  b u t  a l s o c C - c a r y o p h y l l e n e  
a l c o h o l ,  d e h y d r a t i o n  o f  w h ich  w i t h  p h o s p h o r u s  p e n to x i d ©  
( 9 ) a f f o r d e d  c lo v e n e *
Owing t o  t h e  l a c k  o f  c r y s t a l l i n e  d e r i v a t i v e s  no 
s a t i s f a c t o r y  c r i t e r i a  were  a v a i l a b l e  f o r  e i t h e r  t h e  
p u r i t y  o r  t  e  i d e n t i t y  o f  t h e  t e r p e n ©  and t h i s  l e d  t o  
c l o v e n e  b e i n g  w ro n g ly  i d e n t i f i e d  a s  t h e  d e h y d r a t i o n  
p r o d u c t  o f  c a r y o l a n o l  (19)*  The o n ly  c r y s t a l l i n e  
p r o d u c t  known was t h e  o x i d a t i v e  d e g r a d a t i o n  p r o d u c t  
c l o v e n i c  a c i d  ( V I I )  (12 )  w h ic h ,  w h i l e  u s e f u l  f o r  
' d e n t ’ f l e a t i o n  c o u l d  n o t  b e  u s e d  f o r  r e g e n e r a t i o n  o f  
p u r e  c lo v e n e *
C lo v e n e  h a s  b e e n  r i g o r o u s l y  p u r i f i e d  by L u t s  
and  R e id  (1 3 )*  Crude  d i s t i l l e d ,  c l o v e n e ,  o b t a i n e d  from 
c a r y o o h y l l e n e  by t r e a t m e n t  w i t h  A sG h an 's  r e a g e n t  ( 1 0 ) ,  
was t r e a t e d  w i t h  b rom ine*  The m i x t u r e  o f  i s o m e r i c  
d ib ro m ic le a  o b t a i n e d  i n  r e l a t i v e l y  p o o r  y e l d  w ere  
s e p a r a t e d  by f r a c t i o n a l  c r y s t a l l i s a t i o n  a n d  e x t r e m e l y  
p u r e  c l o v e n e  b*p* 11 5* 0 0/l2*5mnu * 1 - 4 9 1 3 ,
&<Ig5*0 -  23*57°  r e g e n e r a t e d  from e a c h  d i b r o m i d e  by 
e x t e n d e d  t r e a t m e n t  w i t h  z i n c  d u s t *
o t h  c l o v e n e  and  c C - c a r y o o h y l l e n e  a l c o h o l  a r e  
t r i c y c l i c  and p o s s e s s  an  I d e n t i c a l  c a r b o n  s k e l e t o n  
a s  i s  shown by t h e  r e a d y  o x i d a t i o n  o f  e a c h  t o  t h e  
d i b a s i c  b i c y c l l c  a c i d ,  c l o v e n l c  a c i d  ^X5^24^2 
and t h e  d e h y d r a t i o n  o f c < - c a r y o p h y  l l e n e  a l c o h o l  t o  
c l o v e n e  ( 9 , 1 0 , 1 1 ) *  The f o r m u l a e  f o r  t h e s e  compounds 
w e re  a d v a n c e d  i n d e p e n d e n t l y  by L seh en & og er  a n d  
G i in th a rd  ( 1 4 ) ,  (m a in ly  on i n f r a - r e d  s p e c t r a l  d a t a )  
and by b a r t o n ,  Bruun  a n d  L in d s e y  (5 )  a s  a r e s u l t  o f  
e x h a u s t i v e  d e g r a d a t i o n  s t u d i e s *  The f o r m u l a e  p r o p o s e d  
w e re  c o n s i s t e n t  w i t h  o l d e r  o b s e r v a t i o n s  (1 ) t h a t  
c l o v e n e  c o n t a i n s  t h e  u n i t  - ^ - c a * C u ~ P - ,  and  t h a t  c l o v e n l c  
a c i d  r e a d i l y  form s a n  a n h y d r i d e  b u t  r e s i s t s  b r o m i n a t i o n  
a n d  e n o l i s a t i o n  (1 2 )*
The r i g o r o u s  s t r u c t u r a l  p r o o f  f o r  t h e  c l o v e n e  
s k e l e t o n  ( 5 ) may be  sum m ar ised  a s  f o l l o w s s -
In  194 7 ,  T r e l b a  (15 )  r e p o r t e d  t h a t  t r e a t m e n t  o f  
c a r y o p h y l l e n e  w i t h  h y d r o g e n  p e r o x i d e  a f f o r d e d  a  
c r y s t a l l i n e  m o n o - e p o x id e  w h ich  was l a t e r  f o r m u l a t e d  
a s  ( V I I I )  ( 5 )* T h i s  e p o x i d e  a f f o r d e d ,  on t r e a t m e n t  
w i t h  a q u e o u s  a c i d ,  a  t r i c y c l i c  g l y c o l  ( IX)  w h ic h  c o u l d  
b e  o x i d i s e d  s u c c e s s i v e l y  t o  a  k e t o - a l c o h o l  (x)  and  t h e n c e  
t o  a d i k e t o n e  (XT). T h a t  (X) h a d  t h e  c a r b o n y l  
f u n c t i o n  w i t h i n  a f l v e - m e n b e r e d  r i n g  was shown by t h e  i n f r a  
r e d  s p e c t r u m  o f  t h e  s u b s t a n c e  (^rnex* 1733 c ’l u 1 )*
6.
The d i k e t o n e  (XI) e x h i b i t e d  a  f u r t h e r  b a n d  (Xmax^lT^Scml2*) 
I n d i c a t i v e  o f  a c a r b o n y l  g r o u p  i n  a  oXx-membered r i n g .  
A c e t y l s t i o n  o f  t h e  k e t o - a l c o h o l  (x) f o l l o w e d  by 
s e l e n i u m  d i o x i d e  o x i d a t i o n  a f f o r d e d  t h e  o ( - d i k © t o n e ( X I I I ) 
w h ic h  on a l k a l i n e  h y d r o g e n  p e r o x i d e  c l e a v a g e  f u r n i s h e d  
t h e  h y d r o x y - d i c a r b o x y l i c  a c i d  (X IV ) .  .Removal o f  t h e  
h y d r o x y l  g r o u p  by o x i d a t i o n  and  W o l f f -  i s h n e r  r e d u c t i o n  
o f  t h e  r e s u l t i n g  k e t o n e ,  a f f o r d e d  c l o v e n l c  a c i d  ( V I I ) ,  
t h e  a u t h e n t i c i t y  o f  w h ich  was d e m o n s t r a t e d  by d i r e c t  
c o m p a r iso n *
An i n d e p e n d e n t  p r e p a r a t i o n  o f  t h e  g l y c o l  (IX) h a s  
b e e n  e f f e c t e d  by H e ld  an d  h i s  c o - w o r k e r s  (1 3 ) by t h e  
a c t i o n  o f  p e r f o r m i c  a c i d  on c a r y o p h y l l e n e  f o l l o w e d  by 
a l k a l i n e  h y d r o l y s i s .  & o l f f - C i s h n e r  r e d u c t i o n  o f  t h e  
c o r r e s p o n d i n g  d i k e t o n e (XI)  (13 )  and  c a t a l y t i c  r e d u c t i o n  
o f  c l o v e n e  (VT) (13 )  a f f o r d e d  t h e  same s a t u r a t e d  
h y d r o c a r b o n ,  t e rm e d  c l o v a n e  (X I I )*
T hese  r e s u l t s  t h u s  e s t a b l i s h e d  u n e q u i v o c a l l y  
t h a t  c l o v e n e  an d  t h e  g l y c o l  (xx) p o s s e s s e d  i d e n t i c a l  
c a r b o n  s k e l e t o n s *
The p r o o f  o f  t h e  s t r u c t u r e  o f  c l o v e n l c  a c i d  
was c o m p l e t e d  (4 )  by t h e  s t e p - w i s e  d e g r a d a t i o n  o f  
c l o v a n - 2 *9 - d i o n e  (XI) t o  g -c y m e n e  (XXI)*
7.
F u r t h e r  o x i d a t i o n  o f  t h e  d i o n e  (XI)  w i t h  
chromium t r i o x i d ©  i n  a c e t i c  a c i d  a f f o r d e d  t h e  k e t o -  
d i c e r b o x y l i c  a c i d  (XV) w h ich  e x h i b i t e d  i n f r a - r e d  
a b s o r p t i o n  a t  1688 cm?! ( c a r b o x y l )  and  1728 cm*! 
( c y c l o p e n t a n o n e ) *  S e le n iu m  d i o x i d e  o x i d a t i o n  
a f f o r d e d  t h e  d i k e t o - d i c a r b o x y l l c  a c i d  (XVI) w h ich  on 
f t s a l o n  w i t h  a l k a l i n e  h y d r o g e n  p e r o x i d e  f u r n i s h e d  t h e  
t e t r e - c a r b o x y l l c  a c i d  (X V II )•  By p y r o l y s i s  a t  2 60 °
t h i s  a c i d  was sm o o th ly  c o n v e r t e d  I n t o  t h e  k e t o -  
d ’ c a r b o x y l l c  a c i d  ( X V I I I $ K«H)•
The c o n s t i t u t i o n  (X V II I )  was a s s i g n e d  r a t h e r  t h a n  
t h e  a l t e r n a t i v e  (XXII)  on t h e  f o l l o w i n g  b a s i s * -
A l l  compounds w i t h  two c a r b o x y l  g r o u p s  d e r i v e d  f rom  
t h e  o r i g i n a l  f i v e - m e m b e r e d  r i n g  2f  t h e  g l y c o l  (IX) 
decom posed  on m e l t i n g  t o  a f f o r d  t h e  c o r r e s p o n d i n g  
a n h y d r i d e s *  Uo d e c o m p o s i t i o n  o r  a n h y d r i d e  f o r m a t i o n  
was o b s e r v e d  a t  t h e  m e l t i n g  p o i n t  o f  t o e  k e t o - d l c a r b o x y l i c  
a c i d *  T h is  c o u l d  b e  e x p l a i n e d  by t h e  s t r u c t u r e  
( X V II I ;  r v a )  w h e re  t h e  two c a r b o x y l s  a r e  n e c e s s a r i l y  
t r - :ns i n  e s ix -m e m b e re d  r i n g  a n d  t h u s  c o u l d  n o t  a f f o r d  
b monomeric  a n h y d r i d e *  I t  would  n e t  b e  e x p l a i n e d  by 
t h e  a l t e r n a t i v e  f o r m u la  (XXII)*
O x i d a t i o n  o f  t h e  k e t o - d i e s t e r  ( X V I I I ; K* e )  w i t h  
s e l e n i u m  d i o x i d e  a f f o r d e d  a d i k e t o - d i e s t e r  (XIX) w h ic h  on 
f i s s i o n  w i t h  a l k a l i n e  h y d r o g e n  p e r o x i d e  f o l l o w e d  by
d e h y d r o g e n a t i o n  o v e r  p a l l a d l s e d  c h a r c o a l  f u r n i s h e d  R rc y m e n e .  
(XXI)*
P e r p h t h a l i c  o x i d a t i o n  --f i s o c a r y o p h y l l e n e  ( I I )
g a v e  a new m ono-epoxid©  (X X II I )  ( 3 , 1 3 )  w h ic h  w i t h  
a q u e o u s  a c ’ d r e a r r a n g e d  t o  a t r i c y c l i c  g l y c o l  (XXIV) 
e p l m e r i c  w i t h  ( I X ) • O x i d a t i o n  h o w e v e r  a f f o r d e d  t h e
same d l o n e  ( X I ) ;  t h u s  t h e  d l o l s  d i f f e r e d  o n ly  I n  t h e  
c o n f i g u r a t i o n  o f  t h e  h y d r o x y l  g r o u p  a t  0 9 * T h is  
v a r i a t i o n  i n  s t e r e o c h e m i s t r y  was t o  b e  e x p e c t e d  i f  t h e  
o x i d e  r i n g  o f  e ach  r e s p e c t i v e  p r e c u r s o r  p o s s e s s e d  t h e  
same s t e r e o c h e m i s t r y  a t  t h e  t e r t i a r y  c e n t r e  (G^) and  
d i f f e r e d  c o n f l g u r a t i o n a l l y  a t  t h e  s e c o n d a r y  c a r b o n  ( 0 5 )* 
Thus tK -  c o n f i g u r a t i o n  o f  t h e  d o u b l e  bond l a  t h e  o n l y  
d i f f e r e n c e  b e tw e e n  c a r y o o h y l l e n e  ( I )  and  I s o c a r y o p h y l l e n e  
( I I )  and i t  i s  l i k e l y  t h a t  I s o c a r y o p h y l l e n e ,  h a v i n g  
t h e  more s t a b l e  c l a - c y c l o n o n e n e  s y s t e m ,  I s  fo rm ed  
from c a r y o p h y l l e n e  d u r i n g  e x t r a c t i o n  from n a t u r a l  s o u r c e s *  
Rrora t h e  p r o p o s e d  f o r m u la e  f o r  c l o v e n e  (VI)  and  
c a r y o l a n o l  ( IV j  R*OH) I t  seemed l i k e l y  t h a t  a  d i r e c t  
r e l a t i o n s h i p  s h o u l d  e x i s t  b e tw e e n  them s i n c e  d e h y d r a t i o n  
w i t h  W a g n e r^ " e e rw e ln  r e a r r a n g e m e n t  o f  t h e  l a t t e r  would  be  
e x p e c t e d  t o  f u r n i s h  t h e  h y d r o c a r b o n *  I n d e e d ,  t h e  e a r l y  
l i t e r a t u r e  c o n t a i n s  s t a t e m e n t s  i n  s u p p o r t  o f  t h i s  
d e h y d r a t i o n  (7 ,  1 9 ) .  C a r e f u l  r e p e t i t i o n  o f  t h i s  
d e h y d r a t i o n  (14)  o f  c a r y o l a n o l  ( IV ;  R*Oti) w i t h  p h o s p h o r u s  
p e n to x i d ©  by L u t s  and  R e id  (1 3 ) h a s  shown t h a t  t h e
%
p r o d u c t  c l o s e l y  r e s e m b l e s  c l o v e n e  I n  so  f a r  a s  b o i l i n g  
p o i n t  and  r e f r a c t i v e  i n d e x  a r e  c o n c e r n e d ,  b u t  t h a t  t h e  
o p t i c a l  r o t a t i o n  I s  o f  t h e  o p p o s i t e  s i g n  a n d  i t s  i n f r a ­
r e d  s p e c t r u m  sho?;s d i s t i n c t  d i f f e r e n c e s  f rom  t h a t  o f  
c l o v e n e  ( 1 4 )*
L u tz  and P e i d  (13 )  h a v e  t e r m e d  t h i s  new d e h y d r a t i o n  
p r o d u c t  £ e e u £ o c l o v e n e ,  w h ich  showed d i s t i n c t  c h e m i c a l  
d i f f e r e n c e s  from c lo v e n e #  Thus ,  i n  c o m p a r i s o n  w i t h  
c l o v e n e ,  o s e u d o c l o v e n e  fo rm ed  an  u n s t a b l e  compound 
w i t h  b r o m in e  and  on o x i d a t i o n  fo rm e d  an  o i l y  d i b a s i c  
a c i d ,  i s o m e r i c  w i t h  c l o v e n l c  a c i d #  T h a t  t h i s  a c i d  
p o s s e s s e s  h y d r o g e n  a to m s  oL t o  t h e  c a r b o x y l  g r o u p s  was 
shown by t h e  r e a d y  s u b s t i t u t i o n  i n  t n e  d e l 1 - V o l l h a r d -  
7e l i n s k i  r e a c t i o n  a f f o r d i n g  a d i b r o m o - a c i d .  F u r t h e r ,  
p s e u d o c l o v e n e  m u s t  c o n t a i n  h y d r o g e n  a tom s a l p h a  t o  t h e  
d o u b l e  bond f o r ,  u n l i k e  c l o v e n e ,  i t  r e a c t e d  s m o o th ly  w i t h  
L - b r o m o s u c c i n i m i d e  t o  g i v e  a n  u n s t a b l e  b r o m o - d e r l v a t i v e #  
On t h p  b a s i s  o f  t h ^ s e  o b s e r v a t i o n s ,  L u tz  and H e ld  h a v e  
t e n t a t i v e l y  p r o p o s e d  f o r m u l a  (XXV) f o r  o e e o d o c l o v e n e  
and (XXVI) f o r  o se u d o c l o v e n l c  a c i d #
L u t s  and  Held  ( 1 3 ) h a v e  n o t  o n ly  shown t h a t  
c a r y o l a n o l  ( t Vj  R*OH) on d e h y d r a t i o n  d o e s  n o t  a f f o r d  
c l o v e n e  b u t  a l s o  t h a t  c a r y o l a n o l  i s  c o m p l e t e l y  i n e r t  t o  
t h e  m i l d  s o l d  d e h y d r a t i n g  c o n d i t i o n s  em ployed  i n  t h e  
c o n v e r s i o n  o f  c a r y o p h y l l e n e  t o  c lo v e n e *
From t h e  m i x t u r e  o f  h y d r o c a r b o n s  o b t a i n e d  by 
t h e  d e h y d r a t i o n  o f  c a r y o l a n o l ,  -r n d e r s o n ,  j:c C rone  a n d  
B o b ^ r t s o n  (1 9 )  i s o l a t e d  a  h i g h e r  b o i l i n g  m o n o - u n s a t u r e t e d  
t r i c y c l i c  s e s o u i t e r o e n e  w h ich  t h e y  t e rm ed  i o o c l o v e n e *
X a o c lo v e n e  may b e  c h a r a c t e r i s e d  by a  c r y s t a l l i n e  
h y d r o c h l o r i d e  from w i t c h  t h e  p u r e  h y d r o c a r b o n  may b e  
r e g e n e r a t e d .
On t h e  b a s i s  o f  X -ray  c r y  s t e n o g r a p h i c  d e t e r m i n a t i o n s  
on t h e  i so m o rp h o u s  h y d r o c h l o r i d e  a n d  h y d r o b r o m id e ,
C l u n i e  end R o b e r t s o n  (20 )  h a v e  r e c e n t l y  shown i s o c l o v e n e  
t o  b e  (XX VII) .  B a r t o n  h a s  commented ( 2 0 ) t h a t  t h i s  
r e a r r a n g e m e n t  o f  c a r y o l a n o l  r e p r e s e n t s  a n  u n u s u a l  
p ro b lem  i n  c a r b o n l u m - i o n  m e o h e n ' s t i e s #
The r e a c t i o n  may o c c u r  a c c o r d i n g  t o  t h e  scheme 
(TV)  —*  ('XXVITI) — ► (XXIX) — (XXVII )  I n v o l v i n g  a  
1 ,  3 h y d r i d e  s h i f t ,  o r  e l s e  v i a  ( XXV' TI )  — ( xxx) —*■ 
(XXXT) — ► (XXVII) .  B o th  r o / t e s  i n v o l v e  i n t e r m e d i a t e s  
w h ic h  would  b e  e x c l u d e d  on a  s t r i c t  a  p l i c a t i o n  o f  
B red  V s  r u l e .  I t  i s  known h o w e v e r  t h a t  t h i s  r u l e  b r e a k s  
down i n  t h e  r e a c t i o n s  o f  c a r y o l a n o l  ( c f .  t h e  f a c i l e  
c o n v e r s i o n  o f  c a r y o l a n o l  t o  t h e  c h l o r i d e  w i t h  p h o s p h o r u s  
p e n t a c h l o r l d e  ( 5 ,7 ) ) •
B a r t o n  a n d  x i c k o n  (21)  h a v e  r e c e n t l y  p r e p a r e d  b o t h  
e p i m e r s  o f  c l o v a n - 2 - o l  ( V) ,  e a c h  o f  w h ich  on o x i d a t i o n  
g a v e  c i o v a n - 2 - o n e .  I t  i s  o f  i n t e r e s t  t h a t  n e i t h e r
e p i m e r  i s  i d e n t i c a l  w i t h o C - e a r t f o p h y l l e n e  a l c o h o l  a s  
would, b e  e x p e c t e d  on t h e  b a s t s  o f  t h e  known p r o p e r t i e s  
o f  t h i s  coToound ( 9 )* Bo a l t e r n a t i v e  f o r m u l a  f o r  
oC- c ax*yophy l lene  a l c o h o l  h a s  b e e n  p r o p o s e d .
A c o n f o r  a t l o n a l  s t u d y  (4 )  o f  t h e  c a x y o o h y l l e n e  
m o l e c u l e  h a s  phown t h a t ,  b e c a u s e  i t  i s  t r i  na w i t h i n  
a  n in e - ' " e m b e r e d  r i n g ,  t h e  e n d o c y c l i c  e t h y l e n i c  l i n k a g e  
m us t  l i e  w i t h  i t s  p l a n e  p e r p e n d i c u l a r  t o  t  a t  o f  t h e  
c y c l o b u t a n e  r i n g .  I f  t h e  m e t h y l  g r o u p  p r o j e c t s  
downwards ( r e l a t i v e  t o  tn e  upw ard  /S - h y d r o g e n  a t  
p o s i t i o n  t h e n  o n l y  f i - a t t a c k  i s  pos  I b l e  w h ich  w i l l
l e a d  ( e q u a t i o n  1 ) t o  c l o v a n e - t y p e  c v c l i s a t i o n ,  w h i l s t  
i f  I t  p r o j e c t s  upw ards  o n l y <<- a t t a c k  i s  p o s s i b l e  
l e a d i n g  t o  c a r y o l a n e - t y 3© c y c l l s a t i o n  ( e q u a t i o n  g ) .
iz.
H
i 4 -  V  '  > -J A.












„ \  >  ^































I1i e  S y n t h e s i s  o f  
5 -  e t h y l b i c y c l o f 3 J 3 s l l  n o n a n - 3- o n e - X - c e r b o x y l i o  a c i d  
and A t t e m p t s  a t  C o n v e r s i o n  t o  S l o v e n e
THt; .;YMT : TSTS OF 5 -  ■ETHYLBIOrCLO f c p i f l  fcUiVft-3-Ot.S- 
1-CAR50XYLIC ACID AfaD ATTESTS AT COKVSRSIQS 10
Cl,0VSivS.
T h e o r e t i c a l
( o rm u la e  f l o w s h e e t s  f o r  t h i s  s e c t i o n  on p* 53) ,
At t h e  o u t s e t  o f  t h i s  s y n t h e t i c  a p p r o a c h  t o  
c l o v e n e  (VT) I t  was d e c i d e d  t o  c o n s t r u c t  a s u i t a b l y  
s u b s t i t u t e d  b i o y c i o  ( 3 : 3 : l ]  non an e  sy s te m  a s  t h i s  
e n t i t y  I s  ' r e g e n t  i n  t h e  a r b i t r a r i l y  d e s i g n a t e d  r i n g s  
A and  S o f  c lo v e n e *  I t  was f e l t  t h a t  t h e  m o s t  u s e f u l  
i n t e r m e d i a t e  f i t t i n g  o u r  r e q u i r e m e n t s  would  toe 
5 - m e t h y l b i c y c l o [ 3 : 3 : 1 ]  n o n e n - 3 - o n e - l - c a r b o x y l i c  a c i d  
(XXX I 5 RxH). T h i s  k e y  i n t e r m e d i a t e  would  p r o v i d e
r i n g s  A a n d  B I n  t h e  c o r r e c t  s t e r e o c h e m i c a l  fo rm  w i t h
t h e  b r i d g e - h e a d  m e t h y l  g r o u p  c o r r e c t l y  p l a c e d *  I t  
wag homed t h a t  t h e  c a r b o x y l  g r o u p  a t  t h e  o t h e r  b r i d g e ­
h e a d  p o s i t i o n  c o u ld  b e  e x t e n d e d  t o  g i v e  a s u i t a b l y  
a c t i v a t e d  s i d e - c h a l n  w h ic h  by e y e  L i g a t i o n  on t o  t h e  
a c t i v a t e d  m e t h y l e n e  g r o u p ,  a d j a c e n t  t o  t h e  c a r b o n y l  
g r o u p ,  would  a f f o r d  r i n g  0 o f  c lo v e n e *
As v e r y  few compounds i n  t h e  b l c y c l o  [ 3 : 3 : ] ]  n o n a n e  
s y s t e m s  h«d b e e n  s y n t h e s i s e d  w i t h  d i f f e r e n t  f u n c t i o n a l  
g r o u p s  a t  t h e  two b r i d g e - h e a d  p o s i t i o n s  ( s e e  l i t e r a t u r e  
s u r v e y  p*5*?-75 ) ,  and  a s  t h o s e  w h ic h  h a d  b e e n  so  p r e p a r e d
w e re  u n s u l t e d  t o  o u r  p u r p o s e ^ i t  was d e c i d e d  t o  d e v i s e  a
new and  f l e x i b l e  s y n t h e t i c  r o u t e  t o  to© b i c y c l o [3 *3 ! -Q ~ 
n o n a n e  sys tem *
FOR ATIOfl o f  RIN0 A
I t  was e s s e n t i a l  t h e r e f o r e  t o  c o n s t r u c t  a jc y c lo -  
h e x a n e  compound s u i t a b l y  s u b s t i t u t e d  00 a s  t o  a f f o r d  
(XXXII) on o y o l l e a t l o n ,  and  t h e  m o s t  f a v o u r a b l e  
compound from w hlcn  t o  s t a r t  seemed t o  b e  3**methyl- 
c y c l o h e x a n o n e - 3 - a c e t i c  a c i d  ( x X X II I j  R«H), w h ic h  had  
b e e n  p r e p a r e d  by F a rm er  a n d  Ross  (22 )  i n  1925*
Thus e t h y l  a c r y l a t e  u n d e r w e n t  a  M i c h a e l  r e a c t i o n  
w i t h  e t h y l  a c e t o a c e t s t e  I n  t h e  p r e s e n c e  o f  sodium 
©t l o x i d e  ( 2 3 , 2 4 )  a f f o r d i n g  e t h y l  3 - c a r b e t h o x y - 3 - a c e t o -  
b u t y r a t e  (XXXIV) w h ich  on h y d r o l y s i s  w i t h  d i l u t e  
s u l p h u r i c  a c i d  g a v e ,  i n  55;- y i e l d ,  3 - a c e t o b u t y r i c  a c i d  
(XXXV1 R*H) a l s o  o b t a i n a b l e  from t h e  b a r iu m  h y d r o x i d e  
c l e a v a g e  o f  d i h y d r o r e s o r c i n o l  (XXXVI) ( 2 5 , 2 6 ) *  Th© 
c o r r e s p o n d i n g  e t h y l  e s t e r  (XXXVj R *E t)  u n d e r w e n t  t h e  
C k ta re a c h i  r e a c t i o n  (2 2 )  w i t h  e t h y l  c y a n o a c e t a t e  i n  
s a t u r a t e d  am m o n lac a l  e t h a n o l  s o l u t i o n  a f f o r d i n g  t h e  
d i c y a n o i m l d e  (XXXVII) i n  p o o r  y i e l d *  H y d r o l y s i s  
w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  a f f o r d e d  2 - m e t h y l -  
p l m e l l o - 2 - a c e t l c  a c i d  (XXXVIII1 B «H ). D ieckm ann 
c y o l i s a t i o n  o f  t h e  t r i e t h y l  e s t e r  ( XXXVIIIj B - E t )  w i t h  
sodium h y d r i d e  i n  e t h e r  ( 2 7 )  a f f o r d e d  i n  h i g h  y i e l d  a  
p - k e t o - e s t e r  w h ic h  on m i l d  a c i d  h y d r o l y s i s  (27 )  f u r n i s h e d
t h e  d e s i r e d  k e t o - e c i d  ( XXXIIII  B«H). A y i e l d  o f  20/^ i n
t h e  f i r s t  s t a g e  o f  t h e  O u a r e s c h l  r e a c t i o n  c o u l d  n o t  b e
Im p rov ed  upon  even  a f t e r  c o n s i d e r e d ! ©  m o d i f i c a t i o n s  (2 8 )
i n  t h e  r e a c t i o n  c o n d i t i o n s .  T h i s  a p p r o a c h  was t h e r e f o r e
a b a n d o n e d  a s  a  p r a c t i c a l  r o u t e .  F a rm e r  an d  Boss  (2 2 )
d e s c r i b e d  t h e  s y n t h e s i s  o f  3 - m e t h y l e y c l o h e x a n o n e - 3~ & c e t i c
a c i d  (X X X II I ; B«H) by t h e  M i c h a e l  a d d i t i o n  o f  d i e t h y l
m e l o n s t e  t o  3 - m e t h y l c y e l o h e x ~ 2 - e n o n e  (XXXXX) i n  t h e
p r e s e n c e  o f  sodium e t h o x i d e  a t  room t e m p e r a t u r e ,  f o l l o w e d
by p r o l o n g e d  h y d r o l y s i s  o f  t h e  i n t e r m e d i a t e  (XLI) w i t h
a
e t h a n o l i c  h y d r o c h l o r i c  a c i d .
o o t n o t e : F a rm er  and  B oss  s u g g e s t e d  t e a t  t h e  f i r s t  s t e p
was a n o rm al  i c h a e l  a d d i t i o n  a f f o r d i n g  t h e  k e t o - d i e s t e r  
(X L II )  w h ich  t h e n  c y c l l s e d  t o  a  b r i d g e d / 3 - k e t o - e s t e r  ( X L I I l )  
a n '  t h e n  u n d e r w e n t  a r e v e r s e  Dieckmann r e a c t i o n  t o  f u r n i s h  
(XLI) a s  t h e  o n l y  i s o l a t a b l e  p r o d u c t .  J o h n s o n  and  h i s  c o -  
w o r k e r s  (29 )  h a v e  r a t i o n a l i s e d  t h e  r e a c t i o n  m echan ism  i n  a  
d i f f e r e n t  m an n e r  f o l l o w i n g  t h e i r  s t u d i e s  on t h e  i e h a e l  
a d d i t i o n  o f  e t h y l  c y a n o a c e t a t e  t o  3 - ^ e t h y l c y c l o h e x - 2 - e n o n e  
( XXXIX). They p r o p o s e d  t h a t  t h e  f i r s t  s t e p  was a n  a b n o r m a l  
1c h e e l  r e a c t i o n  a f f o r d i n g  t h e  k e t o - d i e s t e r  (XL) w h ic h  t h e n  
u n d e r w e n t  e t h a n o l y s i s  a f f o r d i n g  t h e  o p e n - c h s i n  t r i e s t e r  
( XXXVI?I; R * E t ) •  T h i s  t h e n  c y c l l s e d  i n  a  known m a n n e r  (2 2 ) 
t o  (X L I ) .  I f  t h e  r e a c t i o n  was c a r r i e d  o u t  i n  b o i l i n g  
e t h a n o l  t h e  t r i e s t e r  (XXXVIII) R s £ t ) was t a e  o n ly  
i s o l a t e b l e  p r o d u c t .
E t h y l  a e e t o a c e t a t e  a n d  f o r m a l d e h y d e  w e re  c o n d e n s e d  
I n  t h e  p r e s e n c e  o f  p i p e r i d i n e  t o  t h e  k e t o - d l e s t e r  (XLIV) 
w h ic h  on a c i d  h y d r o l y s i s  a f f o r d e d  3 -m0t h y l c y c l o h © x - 2 -  
©none (XXXIX) ( 3 0 , 3 1 ) .  A m o d i f i c a t i o n  o f  t h e  m ethod  o f  
F a rm er  an d  Rose  (22)  was em ployed  f o r  t h e  c o n d e n s a t i o n  o f  
d i e t h y l  m a l o n a t e  w i t h  (XXXIX) and  t h e  k e t o - a c i d  
(XXXITIj R*H) o b t a i n e d  on h y d r o l y s i s  o f  t h e  i n t e r m e d i a t e  
(XLI) r e a d i l y  c r y s t a l l i s e d  a s  c o l o u r l e s s  p r i s m s  m *p .5 1 - 5 3 °  
( l i t .  ( 2 2 ) m .p .  37° ) .
^ h en  t h e  k e t o - a o i d  (XXXIII;  Rail) was e s t e r i f l e d  
u n d e r  F i s c h e r - . > p e l e r  c o n d i t i o n s  t h e  c o r r e s p o n d i n g  e t h y l  
e s t e r  (XXXIII ;  R*Et)  was o b t a i n e d  i n  o n ly  4 0 ^  y i e l d  
t o g e t h e r  w i t h  an  e q u i v a l e n t  amount  o f  a  h i g h - b o i l i n g  
b y - p r o d u c t .  E a t e r i f l o s t i o n  w i t h  d i a z o m e t h a n e  ( 3 2 )» 
h o w e v e r ,  a f f o r d e d  t h e  d e s i r e d  k e t o - e s t e r  (XXXIII;  TH e )
I n  h i g h  y i e l d  a s  a c o l o u r l e s s  o i l .  The p r o d u c t  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  ( 3 3 ) a t  1730  cm7^
(c a r b o r n e th o x y 1) a r*d 1710 cmT3- ( c y c l o h e x a n o n e ) .
POP '.ATTON QF Rlhh B
I t  was h o o e d  t o  c o n s t r u c t ,  f rom e i t h e r  t h e  k e t o - e s t e r  
(XXXIII ;  F.» e )  o r  3 - m © t h y l c y c l o h e x - 2 - e n o n e  (XXXIX), a 
compound o f  t h e  g e n e r a l  s t r u c t u r e  (XLV), s y m m e t r i c a l l y  
s u b s t i t u t e d  a t  s u c h  t h a t  on Dieckm&nn c y c l i s a t l o n  t h e  
b i c y c l o [ 3 * 3 : 3 3  n o n a n e  s y s te m  (XLVX) would  b e  t h e  o n ly  
b i c y c l i c  m a t e r i a l  f o r m e d .  I f ,  h o w e v e r ,  I s
u n s y m m e t r l c a l l y  s u b s t i t u t e d  t h e n  t h e  p o s s i b i l i t y  o f  
s t e r e o i s o m e r s  e x i s t s  w i t h  t h e  C3 p o s i t i o n ,  s u c h  t h a t  on 
c y o l l s a t l o n  two b i c y c l i c  s y s t e m s  w i l l  b e  a f f o r d e d  
( s e e  l a t e r ) .
3-  e t h y l c y c l o h e x - 2 - e n o n e  (XXXIX) u n d e r w e n t  a f a c i l e  
n o e v e n a g e l  r e a c t i o n  ( 3 4 ) w i t h  m a l o n o n l t r i l e  a f f o r d i n g  
t h e  h i g h l y  c r y s t a l l i n e  c o n j u g a t e d  d i e n e d i n i t r i l e  (X L V II ) .  
I t  was hoped  t o  t  d i e t h y l  m a l o n a t e  c o u l d  b e  In d u c e d  t o  
add  1*6 a e r o ’s t h i s  s y s t e m  t o  f u r n i s h  t h e  m o n o - u n s a t u r a t e d  
d i n i t r i l e - d i e s t e r  ( X L V I I I ) ,  w h ic h  s h o u l d  s t i l l  b e  c a p a b l e  
o f  u n d e r g o i n g  a f u r t h e r  M ic h a e l  r e a c t i o n  w i t h  d i e t h y l  
m a l o n a t e  a f f o r d i n g  a  compound r e a d i l y  c a p a b l e  o f  
c o n v e r s i o n  t o  t h e  g e n e r a l  s t r u c t u r e  (XLV). T h a t  (X L V II l )  
was fo rm ed  was shown by t h e  u l t r a - v i o l e t  maximum o f  t h e  
p r o d u c t  a t  3 4 b u t  no s a t i s f a c t o r y  m eth od  o f  
p u r i f i c a t i o n  f o r  t h e  c r u d e  r e a c t i o n  p r o d u c t  c o u l d  b e  
d e v e l o p e d .
A u a r e s c h l  r e a c t i o n  (28 )  o f  e t h y l  e y a n o a c e t a t e  on 
t h e  k e t o - e s t e r  (XXXI!I ;  Rs e )  i n  s a t u r a t e d  am m o n iac a l  
e t h a n o l  s o l u t i o n  was a t t e m p t e d .  The r e a c t i o n ,  i f  i t  
had  g o n e ,  wou ld  h a v e  f u r n i s h e d  t h e  g e n e r a l  s t r u c t u r e  
(XLV) d i r e c t l y ,  b u t  c y a n o a c e t a m l d e  p r o v e d  t o  b e  t h e  
o n ly  i s o l a t o b l e  c r y s t a l l i n e  m a t e r i a l ,  t h e  r e s i d u e  b e i n g  
a n  u n w o r k a b l e  o i l .
K th y l  e y a n o a c e t a t e  r e a c t i o n  w i t h  t h e  k e t o - e s t e r  
(XXXIII ;  R»Me) u n d e r  n o e v e n a g e l  c o n d i t i o n s  ( 3 4 ) i n
low y i e l d ,  t h e  p r o d u c t  being,  a s s i g n e d  s t r u c t u r e  (XLIX) 
on t h e  b a s i s  o f  t h e  l t r a - v l o l e t  maximum a t  236 tyx*
The e l a b o r a t i o n  o f  t h e  c a r b o n y l  g r o u p  i n  t h e  
k e t o - e s t e r  (XXXIIIj  Rs e )  was s u c c e s s f u l l y  a c h i e v e d  i n  
h i g h  y i e l d  by  r e a c t i o n  w i t h  p u r e  m a l o n o n l t r i l e  u n d e r  
rn o e v e n a g e l  c o n d i t i o n s  ( 3 5 ) .  S t r u c t u r e  ( L ) ,  
c o n t a i n i n g  a  h i g h l y  p o l a r i s e d  o l e f l n i c  d o u b l e  b o nd ,  
was a s c r i b e d  t o  t h e  m o l e c u l e  on t h e  oa.s s o f  t h e  u l t r a ­
v i o l e t  maximum a t  239 mjx ( £ 1 3 »5 0 0 ) a n d  t h e  i n f r a - r e d  
a b s o r p t i o n  b a n d s  a t  2200 cmr^ ( c o n j u g a t e d  n l t r i l e )  a n d  
1597 cm*l ( c o n j u g a t e d  d o u b l e  bo nd )*
o now d e s i r e d  t o  e f f e c t  a  M ic h a e l  a d d i t i o n  ( 3 6 ) 
t o  t h i s  compound, s u c h  t h a t  t h e  g e n e r a l  s t r u c t u r e  (XLV) 
would b e  r e a d i l y  o b t a i n a b l e  from t n e  I n t e r m e d i a t e *  I t  
was fo u n d  t h a t  d i e t h y l  m a l o n a t e  p r o b a b l y  d i d  add  1*4 
a c r o s s  t h e  a c t i v a t e d  d o u b l e  bond o f  (L) i n  low y i e l d ,  
b u t  t h e  p r o d u c t  r e a d i l y  decom posed  on f r a c t i o n a t i o n *  
Ur?ing c y o l o h e x y l l d e n e m a l o n o n l t r i l e  (LXi HsCN) as  a  
r e f e r e n c e  compound,  i t  was f o u n d  t h a t  t h e  H e f o r m a t s k y  
c o m o lex  o f  e t h y l  b r o m o e c e t a t e  c o u l d  b e  I n d u c e d  t o  a d d  i n  
low y i e l d  a c r o s s  t h e  a c t i v a t e d  d o u b l e  bond* As t h e r e  
was a l s o  g r e a t  d i f f i c u l t y  i n  s e p a r a t i n g  t h e  p r o d u c t  from 
t h e  r e a g e n t s ,  t h i s  r e a c t i o n  was n o t  a p p l i e d  t o  t h e  
d l n l t r i l e - e a t e r  (L)*
I t  was t h e n  d e c i d e d  t o  a t t e m p t  a d d i t i o n  o f  h y d r o g e n
c y a n i d e  ac  owe t h e  oubl© b on d ,  wft*eh u n f o r t u n a t e l y  
m ig h t  l e a d  t o  t h e  p o s s i b i l i t y  o f  f o r m a t i o n  o f  s t e r e o ­
i s o m e r s *  .As, h o w e v e r ,  I t  was s t i l l  p r o b a b l e  t h s t  a 
b ' c y c l o  [ 3 1 3 *1]  n onane  sy s te m  m ig h t  b e  f u r n i s h e d  on 
s u b s e q u e n t  c y o l l s a t i o n ,  i t  was d e c i d e d  t o  p u r s u e  t h i s  
a p p ro a c h *
McRae and  ^ a p w o r t h  ( 3 7 . 3 0 )  i n  1922 r e p o r t e d  t h a t  
h y d r o g e n  c y a n i d e  c o u l d  b e  a d d e d  a c r o s s  t h e  o l e f i n l c  
d o u b l e  bond o f  t h e  c y a n o - e s t e r  ( L I ;  RmCC^bt) a f f o r d i n g ,  
a f t e r  ae*d  h y d r o l y s i s  o f  t h e  c r u d e  d i n i t r i l e - e s t e r ,  
l - c a r b o x y c y c l o b e x a n e - l - a a e t l c  a c i d  ( L I I )  i n  good  o v e r a l l  
y i e l d .  A p p ly in g  t h e i r  c o n d i t i o n s  o f  p o t a s s i u m  c y a n i d e  
I n  a q u e o u s  e t h a n o l  ( 3 7 ) t o  (L) we fo un d  t h a t  t h e  d e s i r e d  
t r i n i t r i l e  ( L I I I )  c o u l d  b e  i s o l a t e d  i n ,  a t  b e s t ,  23/ 
y i e l d  and  t n ^ t  t h e  r e a c t i o n  was n o t  r e p r o d u c i b l e ,  
e m p lo y in g  a s o l u t i o n  o f  sodium c y a n i d e  i n  d i m e t h y l -  
f o r r t a m id e ,  h o w e v e r ,  a n d  w i t h  c a r e f u l  i s o l a t i o n  
t e c h n i q u e s ,  we were a u l e  t o  i s o l a t e  t h e  t r i n i t r i l e  ( L I I I )  
a s  a  m i x t u r e  o f  c r y s t a l l i n e  s t e r e o i s o m e r s  i n  66a  y i e l d ,  
w i t h  good r e c o v e r y  f  s t a r t i n g  m a t e r i a l  w h ic h  c o u ld  be 
r e - c y c l e d .  I t  was found  t h a t  t h e  two t r i n i t r i l e  
s t e r e o i s o m e r s  s o  fo rm ed  c o u l d  n o t  b e  s e p a r a t e d  by 
f r a c t i o n a l  c r y s t a l l i s a t i o n .  C a r e f u l  c h ro m a to g r a p h y  
on s i l i c a  o r  on a c t i v a t e d  c h a r c o a l ,  combined w i t h  
c r y s t a l l i s a t i o n ,  a l s o  e f f e c t e d  no s e p a r a t i o n ;  w h i l s t
t h e  a l k a l i n e  n a t u r e  o f  a lu m i n a  e f f e c t e d | S - e l i m i n a t i o n  
o f  h y d r o g e n  c y a n i d e  f u r n i s h i n g  s u b s t a n t i a l  am o u n ts  
o f  ( L ) .  s a t i s f a c t o r y  s e p a r a t i o n  of  one o f  t h e  
s t e r e o i s o m e r s ,  l a t e r  shown t o  b© (LTV) by c o n v e r s i o n  
t o  5 - m e t h y l b i c y c l o  [3 *3 *l]  n o n a n - 3 - o n e - l - c a r b a x y l i c  
? ic id  ( XXXII1 RsH),  was a c h i e v e d  by r e p e a t e d  
c r y s t a l l i s a t i o n  from a q u e o u s  m e t h a n o l .  As t h e  
s e p a r a t i o n  o f  t r ie  s t e r e o i s o m e r s  wr a so  t e d i o u s ,  i t  
was d e c i d e d  t ;  p r o c e e d  w i t h  t h e  m i x t u r e  and  e ' f e c t  
s e p a r a t i o n  a t  a  l a t e r  s t a g e *
' n  a t t e m p t  was made t o  c y c l i s e  t h e  t r i n i t r i l e  
( L I I I )  i n  e Dieckmann r e a c t i o n  a s i t  was e x p e c t e d  t h a t
<s>
u n d e r  m i l d  c o n d i t i o n s  t h e  a n i o n - 0 (Cis)g w ould  b e  fo rm ed  
e x c l u s i v e l y  and m ig h t  r e a c t  w i t h  t h e  e s t e r  g r o u p i n g  
t o  a f f o r d  t h e  k e t o - t r i n i t r i l e  (LV).  T h i s  compound 
would t h e n  p o s s e s s  r e a c t i v e  g r o u p i n g s  s u i t a b l y  p l a c e d  
i n  t h e  1 c y c l o  (3 *3*1] n o n e n e  sy s te m  f o r  t h e  c o n s t r u c t i o n  
o f  t h e  r e m a i n i n g  c y c l o p e n t e n e  r i n g  G o f  c l o v e n e .  h o t  
u n e x p e c t e d l y ,  o w ever ,  t h e  I n t e r m e d i a t e  a n i o n  r e a d i l y  
l o s t  c y a n i d e  i o n  from t h e  | 3 - p o s i t i o n  w i t h  f o r m a t i o n  
o f  s u b s t a n t i a l  am o u n ts  o f  (L) i n  p r e f e r e n c e  t o  c y c i i a a t i o n  
s i m i l a r l y  an  a t t e m p t  was made t o  e f f e c t  a  M i c h a e l  
a d d i t i o n  o f  t h e  t r i n i t r i l e  ( L I I I )  u n d e r  m i l d  b a d e  
c o n d i t i o n s  w i t h  m e t h y l  ^ ^ - d i m e t h y l a c r y l a t e *  I f  
c o n d e n s a t i o n  h - d  r e s u l t e d ,  t h e  p r o d u c t  (LV ) would  h a v e
r e a d i l y  b e e n  c a p a b l e  o f  c o n v e r n s i o n  by a c i d  h y d r o l y s i s ,  
e s t e r I f  l c a t i o n  end Diecksiann eye  I I  s e t  i o n  t o  a  
b l c y c l o [3*3*1] n onane  d l a c i d  (LV1I) s u i t a b l y  s u b s t i t u t e d  
f o r  e y c l l s a t i o n  t o  r i n g  C o f  c lo v e n e *  As I n  t h e  a b o v e  
e x p e r i m e n t  h o w e v e r ,  m i l d  b a s e  e f f e c t e d  p r e f e r e n t i a l  
rem o v a l  o f  c y a n i d e  Io n  from t h e  ^ - p o s i t i o n  a n d  no 
i c h a e l  a d d i t i o n  ensued*
The t r i n i t r i l e  ( L I I I )  when v i g o r o u s l y  r e f l u x e d  
w i t h  fum ing  h y d r o c h l o r i c  a c i d  ( 3 7 ) was s m o o th ly  c o n v e r t e d  
t o  t h e  c r y s t a l l i n e  t r i c a r b o x y l i c  s o l d  ( L V I I I ;  R*H) w h ich  
w i t h  d i a z o m e t h a n e  ( 3 2 ) a f f o r d e d  t h e  t r i m e t h y l  e s t e r  
( L V I I I j  R» e )
f o o t n o t e * s u b l i m a t i o n  o f  t h e  t r i a c i d  ( L V I I I ;  R«X) 
a f f o r d e d  a  h i g h l y  c r y s t a l l i n e  a n h y d r i d e - m o n o a c i d  a s  a  
m i x t u r e  o f  I n s e p a r a b l e  s t e r e o i s o m e r s  a s s i g n e d  s t r u c t u r e  
(LX) on t n e  b a s i s  o f  i n f r a - r e d  a b s o r p t i o n  ( 3 3 ) ,  a t  
1853  e n d  1773  cm*1 ( s u b s t i t u t e d  s u c c i n i c  a n h y d r i d e ) *
The f o r e - r u n  o f  t h e  d i s t i l l a t i o n  o f  t h e  t r l e s t e r  
( L V I I I ;  F:«.. e ) c o n t a i n e d  c o n s i d e r a b l e  am ou n ts  o f  co m p lex  
a m i d o - e s t e r s  w h ich  c o u l d  n o t  b e  s e p a r a t e d  by r e p e a t e d  
f r a c t i o n a t i o n .  T h ese  a m i d o - e s t e r s  p r o b a b l y  a r i s e  
t h r o u g h  I n c o m p l e t e  h y d r o l y s i s  o f  t h e  t r i n i t r i l e  (L IX I )  
and  a c c o u n t  f o r  t h e  low c o n v e r s i o n  (56a ) o f  t h e  
t r i n i t r i l e  ( L I I I )  t o  t h e  t r i e s t e r  ( L V I I I ;  R*M@).
2± .
An attempt to c y c l l a e  the t r l e s t e r  (LVIIXj R« e)
1
by a D leckm snn r e a c t i o n  f a i l e d  when t h e  m i l d  c o n d i t i o n  
o f  sodium h y d r i d e  i n  m e t h a n o l i c  e t h e r  was employed ( 2 7 , 3 9 )  
h o w e v e r  a c o n v e r s i o n  t o  t h e  b l c y e l i c  s y s te m  i n  h i g h  
y i e l d  was o s s i b l e  when p o t a s s i u m  £ - b u t o x i d e  ( 4 ^ , 4 1 )  
was u s e d  and r e a c t i o n  c a r r i e d  o u t  u n d e r  h i g h  d i l u t i o n  
c o n d i t i o n s #  The r e s u l t i n g  com plex  m i x t u r e  o f  
^ - k e t o e s t e r s  on h y d r o l y s i s  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  
a f f o r d e d  a m i x t u r e  o f  b l c y c l o k e t o - a c i d e  (XXXII; H»H) 
and (LIX; K»H) o f  w h ich  o n ly  t h e  f o r m e r  w i t h  t h e  
d e s i r e d  b l c y c l o [ 3 * 3 *l] n o nane  s y s te m  c o u l d  be  o b t a i n e d  
c r y s t a l l i n e # * *
» f o o t n o t e : T h a t  no t r l e s t e r  ( L V I I I } K » ie )  r e m a in e d
a f t e r  t h e  D ieckm ann r e a c t i o n  was s own by t h e  l a c k  o f  
a b s o r p t i o n  a t  1330, 1362 and  1345 coitI, c h a r a c t e r i s t i c  
o f  t h e  i n f r a - r e d  s p e c t r u m  o f  t n e  t r i e s t e r  ( L V I I I ;  B * i e ) ,  
i n  t h e  p r o d u c t #  A g a in ,  a n a l y s i s  o f  t h e  v a p o u r  p h a s e  
ch ro m a to g ram  o f  t h e  e s t e r  m i x t u r e  r e s u l t i n g  from t h e  , 
d i a z o m e t h a n e  t r e a t m e n t  o f  t h e  c r u d e  k e t o - a c l d s  showed 
o n ly  two compounds t o  b e  r e s e n t  v i z # . ( X X X I I ;  RmMe) a n d  
(LIXj FrM©). i t  was n o t e d  t h a t  d u r i n g  t h e  d i s t i l l a t i o n  
o f  the. com plex  f j - k e t o e s t e r  m i x t u r e  a f f o r d e d  by t a e  
D ieckm ann r e a c t i o n  t h e  l a t e r  f r a c t i o n s  c o n t a i n e d  
p r o g r e s s i v e l y  g r e a t e r  am oun ts  o f  m a t e r i a l  w i t h  i n f r a - r e d  
a b s o r p t i o n  (33) a t  1831 and  1732 coi?l ( s u b s t i t u t e d  
s u c c i n i c  a n h y d r i d e ) #  n i t l a l l y  t h i s  ? a s  t h o u g h t  t o  b e
d u e  t o  t h e  p r e s e n c e  o f  t h e  m e t h y l  e s t e r  o f  (LX) b u t  
from t h e  a b o v e  e v i d e n c e  t h e  i m p u r i t y  h a s  b e e n  a s s i g n e d  
s t r i c t u r e  (L X l ) ,  w h ich  i s  p r o b a b l y  form ed by t h e  a c t i o n  
o f  t r a c e s  o f  h y d r o c h l o r i c  a c i d  on t h e j i - k e t o - e s t e r  (LXIX) 
a t  h i g h  t e m p e r a t u r e s #  The a n h y d r i d e  c o u l d  n e v e r  b e  
o b t a i n e d  p u r e  n o r  c o u ld  i t  b e  fo rm ed  i n  g r e a t e r  y i e l d  
by d i s t i l l a t i o n  o f  t h e (*> -e t a - e e t e r  m i x t u r e  from 
g - p t o l u e n e s u l  o h o n ic  a c i d #
.vhen t h e  u n s a t u r a t e d  d i n i t r i l e  (L) i s  w r i t t e n  a s
(LXTTT) I t  i s  s e e n  t h a t  a d d i t i o n  o f  c y a n i d e  I o n  may t a k e
p l a c e  i n  two ways t h u s  a f f o r d i n g  two s t e r e o i s o m e r s *  The
l e s s  h i n d e r e d ,  e q u a t o r i a l  a p p r o a c h  o f  c y a n i d e  i o n
a f f o r d s  t h e  i o n  (LXIV) i n  w h ich  t h e r e  m u s t  b e  a  l a r g e
1*3 d l a x i a l  n o n -b o n d e d  i n t e r a c t i o n  b e tw e e n  t h e  m e t h y l  and  
0
t h e  b u l k y  -C(CxOg g r o u p #  I f  h o w e v e r  t h e  c y a n i d e  I o n
a " p r o a c h e s  i n  t h e  more  h i n d e r e d  a x i a l  f a s h i o n  t h e
r e s u l t i n g  i o n  (LXV) ( h a v i n g  t h e  b u l k y  -CilgiCOgMe and 
€>
-c(CM)g g r o u p i n g s  o r i e n t a t e d e q u a t o r i a l l y )  w i l l  h a v e  
t h e  s m a l l e r  m e t h y l  a n d  c y a n i d e  g r o u p s  d i a x i a l  a n d  s h o u l d  
t h u s  b e  m ore  s t a b l e  t h a n  t h e  i o n  (LXXV)# T h i s  l a t t e r  
s t a t e m e n t  c o u l d  a l s o  b e  i n t e r p r e t e d  by a s s u m in g  t h e  l e s s  
h i n d e r e d  e q u a t o r i a l  a t t a c k  o f  c y a n i d e  i o n  t o  t h e  
c o n j u g a t e d  d i n i t r i l e  (L) i n  t h e  l e s s  s t a b l e  c o n f o r m a t i o n  
(LXVI) ( w i t h  t h e  b u l k y  ~CHg*CQgir.e g r o u p  a x i a l ) *  T h i s
would  a f f o r d  t  e l e s s  f a v o u r a b l e  c o n f o r m a t i o n  (LXVXI) 
o f  t h e  i o n  w h ich  would b e  r e a d i l y  t r a n s p o s e d  t o  (LXVj# 
T h e r e f o r e ,  i f  t h e  r e a c t i o n  I s  t h e r m o d y n a m i c a l i y  
c o n t r o l l e d ,  on o r o t o n e t i o n  t h e r e  s h o u l d  b e  a  g r e a t e r  
p r e p o n d e r a n c e  o f  (hIV) o v e r  (LXVIXI)# Though t h i s  
c o u ld  n o t  b© r o v e d  w i t h  t h e  t r i n i t r i l e a  a s  s e p a r a t i o n  
of  t h e  s t e r e o i s o m e r s  c o u l d  n o t  b e  e f f e c t e d ,  i t  was 
l a t e r  shown t o  b e  c o r r e c t  b e c a u s e  o f  t h e  g r e a t e r  p r o p o r t i o n  
Of t h e  k e t o - s o i d  (XXXIIl R*»sl) v t l h  t h e  b l c y c l o [3 13 s -  
n o ne ne  s y s te m  t o  t h e  k e t o - a c i d  (LIX; E « i ) #  The o n l y  
p u r e  t r i n i t r i l e  i s o m e r  (m#p# 12 *5 - 122° )  I s o l a t e d  was 
shown t o  b e  (LIV) by d i r e c t  c o n v e r s i o n  t o  t h e  s e m i -  
c a r b a z o n e  o f  t h e  k e t o - e s t e r  (XXXII3 B«*sa©) I n  good  y i e l d *
The t r i e s t e r  (LXIX),  f u r n i a h e d  by t h e  i s o m e r  
(LTV7I I ) ,  m u s t  a f f o r d  on J le ck raan n  r e a c t i o n  t h e  fee t o -  
d i e s t e r  (LXX) w h ich  on a c i d  h y d r o l y s  I s  a f f o r d e d  
S - m e t h y l b l c y c l o  [3*2*1) o c t a n - 7 - ' O r i e - l - e c e t i c  a c i d  (LIXj B*H) ,  
shown t o  b e  o n e  o f  t h e  co m p o n e n ts  o f  t h e  k t o - a c i d  
m 'x t u r e *  The t r i n i t r i l e  (LIV) a f f o r d e d  t h e  t r i e s t e r  
(LXX I ) w h ich  f o r  c y c l i a a t i o n  n u s t  a d o p t  c o n f o r m a t i o n  
(LXXI ) i n  w h ic h  b o t h  b u l k y  s u b s t i t u e n t s  a r e  I n  
e n e r g e t i c a l l y  u n f a v o u r a b l e  a x i a l  p o s i t i o n s ,  w h ic h  may 
a o c o u n t  f o r  t h e  s t r o n g l y  a c t i v a t i n g  c o n d i t i o n s  r e q u i r e d  
f o r  t h e  Dieokmann r e a c t i o n #  A m i x t u r e  o f  ^ - k e t o - e s t e r s  
( L X II ;  a n d  (L X X II l )  was p r o b a b l y  f o r m e d ,  e a c h  o f  w h ich
27.
on a c i d  h y d r o l y s i s  f u r n i s h e d  5 - m e t h y l b i c y c l o  *
n o n a n - 3- o n e - l - c a r b o x y l i c  a c i d  (XXXIX; K*H), w h ich  on 
t h e  b a s i s  o f  I n f r a - r e d  d a t a  was shown t o  b e  t h e
c r y s t a l l i n e  k e t o - a c l d  i s o l a t e d *
• .' 1 * , ' , * -
T r i t u r a t i o n  o f  t  e k e t o - a c i d  m i x t u r e s  g a v e  
( XXII;  Kr i )  aa  t h e  o n ly  c r y s t a l l i n e  fora? i n  36 • 5/- y i e l d ,  
t h e  r e s i d u e  b e i n g  an a p p r o x i m a t e l y  1*1 m i x t u r e  of  
k e t o - a o i d e  (XXXlIj R*H) and  (LXX; R*H), a s  shown fey 
c l o s e  e x a m i n a t i o n  o f  t h e  i n f r a - r e d  s p e c t r u m  a n d  v a p o u r  
p h a s e  c h ro m a to g ram  o f  t h e  c o r r e s p o n d i n g  k e t o - e s t e r  
i x t u r e  ( v  5 X- e) and  (LXX; R* e ) * *  I t  w s n o t  
p o s s i b l e  t o  s e p a r a t e  t h e  k e t o - a e i d s  y c h r o m a to g r a p h y  
on s i l i c a  a s  t i e  m i x t u r e  was e l u t e d  w i t h  5$  n - b u t a n o l  
In  b e n z e n e *  The c o r r e s  e n d in g  e e t e r e  {XXXII; B* e )  a n d  
(LT i; r  e ) ,  tr io <gh n o t  s e p a r a b l e  by d i s t i l l a t i o n  w e re  
p a r t i a l l y  s e p a r a t e d  by c h ro m a to g r a p h y  on s i l i c a ,  t h e  
b l c y c l o  [3 *C?:33 o c t s n o n e - a c e t i c  e s t e r  ( U X ;  R * ;e )  b e i n g  
e l u t e d  f i r s t *  ?rom t h e  p r o p o r t i o n  o f  k e t o - a c i d s  fo rm ed  
i t  i s  s e e n  t h a t  t h e  r a t i o  o f  t h e  i o n e  (1XV)1 (LXIV) I s  
r o u g h l y  2 s 1 a t  e q u i l i b r i u m *
o l f f -  i s h n e r  r e d u c t i o n  (4 2 ) o f  t h e  k e t o - a c i d  
(XXXT? 5 -»h) sm o o th ly  a f f o r d e d  t h e  p a r e n t  a c i d ,
5 - m e t h y l b i e y c l o  [3 5 3 *1]  n o n a n e - l - c a r b o x y l i c  a c i d  (LXXIV). 
dfrlL Q o tn o te s R e a c t i o n  o f  t h e  p u r e  k © t o - a c i d  (XXXII1 R»H)
w i t h  o x a l y l  c h l o r i d e  i n  b e n z e n e  (43)  a f f o r d e d  t h e  
c o r r e s p o n d i n g  l i q u i d  a c i d  c a l o r i d e  (LXXV) I n  h i g h  y i e l d *  
h e n  a  s a m p le  o f  a c i d  c h l o r i d e ,  C o b te in e d  from s l i g h t l y  
i m p u r e  k e t o - a c i d  (m*p* 1Q3-1120 ) c o n ta  i n © te d  w i t h  some 
of  t h e  b i c y c l o - o c t a n o n e  a c i d  (^ IX ;  !•».-,)], was t r e a t e d  
w i t h  e t h y l  j ^ - b u t y l  m a l o n a t e ,  c o n d e n s e t i o n  e n s u e d  ( s e e  
l a t e r ) *  The f o r e - r u n  from t h e  d i s t i l l a t i o n  o f  t h e  
c o n d e n s a t i o n  r o d u c t  on s t a n d i n g  o v e r n i g h t  a f f o r d e d  
c r y s t a l l i n e  a r t e r i a l  w h ic h  was a s s i g n e d  t h e  p se u d o  a c i d  
c h l o r i d e  s t r u c t u r e  ( L X X V I )  on t h e  b r s i s  o f  t h e  I n f r a - r e d  
a b s o r p t i o n  a t  1811 cm*1 ( 4 4 ) •  T h i s  was f u r t h e r  c o n f i r m e d
by t h e  di> c o v e r y  t h a t  sod ium  m e t h o x i d e  e f f e c t e d  
q u a n t i t a t i v e  c o n v e r s i o n  t o  t h e  k e t o - e s t e r  (LIX; R» e ) .
FOPXAl’IOfr OF Bim  C
I n  t h e  e l a b o r a t i o n  o f  t h e  t h i r d  r i n g  C o f  c l o v e n e  
we a t t e m p t e d  f i r s t  t o  e x t e n d  t h e  c a r b o x y l  f u n c t i o n ,  b u t  
t o  a v o i d  a m b i g u i t y  we d e c i d e d  t o  p r o t e c t  t h e  c a r b o n y l  
f u n c t i o n  o f  t h e  k e t o - e s t e r  (XXXII; K * ie )  a s  a k e t a l *  
i n e x p c c t e d l y  no r e a c t i o n  o c c u r r e d  w i t h  e t h y l e n e  g l y c o l  
( 4 5 , 4 6 )  o r  w i t h  e t h y l  o r t h c f o r m a t e  (47)  and  e v e n  u n d e r  
t h e  f o r c i n g  c o n d i t i o n s  o f  e x c h a n g e  d l o x o l a n a t l o n  (4$ )  
w i t h  t h e  k e t a l  o f  m e t h y l  e t h y l  k e t o n e  e n d  a n  a c i d  
c a t a l y s t  no k e t a l  f o r m a t i o n  r e s u l t e d *  The l a c k  o f
r e a c t i v i t y  o f  t h e  c a r b o n y l  f u n c t i o n  was a l s o  n o t e d  when
a £ i 4 - d l n l t r o o h e n y l h y d r a z o n e  c o u ld  n o t  b e  p r e p a r e d ,
a l t h o u g h  a g e m ? c a rb a z o n e  was f o r c e d  w i t h  t h e  l e s s  b u l k y
g e m i c a r h ^ z l d e  a c e t a t e  r e a g e n t #  A ga in  t h e  k e t o - e s t e r
(XXXIIj R -  e )  wag u n a f f e c t e d  by sodium b o r o h y d r l d e  i n
dr^* m e t h a n o l  a t  0°, t h o u g h  an  o i l y  h y d r o x y - e s t e r  r e s u l t e d
f r o :r> r e d u c t i o n  w i t h  sod ium  b o r o h y d r l d e  i n  a q u e o u s
atm e t h a n o l  a t  room t e m p e r a t u r e *
#  F o o t n o t e » The u n r e s c t l v e  n a t u r e  o f  t h e  c a r b o n y l  
f u n c t i o n  can  p r o b a b l y  b e  e x p l a i n e d  on s t e r i c  g r o u n d s *
A t t a c k  o f  a. n u o l e o o h i l e  (X®) on t h e  c a r b o n y l  g r o u p  
m u s t  c h a n g e  t h e  t r i g o n a l  C3 atom i n  (XXXIX! R* e )  t o  
t h e  t e t r a h e d r a l  d i s p o s i t i o n  i n  w h ic h  t h e  a x i a l  C y O ®  
f u n c t i o n  w ould  e x p e r i e n c e  l a r g e  s t e r i c  r e p u l s i o n  from t h e  two 
a x i a l l y  s u b s t i t u t e d  m e t h y l e n e  g r o u p s  and  Cq o f  r i n g  A 
( s e e  LXXVII).
As t h e  c a r b o n y l  f u n c t i o n  wag so  r e l u c t a n t  t o  
k e t a l i s e ,  i t  was d e c i d e d  t o  a t t e m p t  t o  e l a b o r a t e  t h e  
c a r b o x y l  f u n c t i o n  w i t h o u t  p r i o r  p r o t e c t i o n  o f  t h e  
c a r b o n y l  g ro u p *
any  a t t e m p t s  w e re  mad© to  c o n v e r t  t h e  k e t o - a c i d  
( XXXII; Pa l) t o  t h e  e n e d l o n e  (LXXVIXX) a s  i t  was t h o u g h t  
t h a t  t h i s  l a t t e r  compound s h o u l d  u n d e r g o  a  f a c i l e  M i c h a e l
r e a c t I o n  t o  f u r n i s h  a  d l o n e  (LXXIX) w h ich  s h o u l d  r e a d i l y  
a f f o r d  c l o v e n e  (VI)* The o b v i o u s  c o n v e r n s i o n  o f  t h e  
k e t o - a o i d  t o  t h e  ened ion©  (LXXVIII) a p p e a r e d  t o  b e  by 
way o f  F r i e d e l - C r a f t s  r e a c t i o n  (4 9 )  b e tw e e n  t h e  a c i d  
c h l o r i d e  (LXXV) and i s o b u t e n e ( 5 0 ) *  T h is  would  
a f f o r d  e - c h io r o k © to n ©  (LXXX) w h ic h  would r e a d i l y  
d e h y d r o c h l o r i n a t e  t o  t h e  e n e d io n e *  When t h e  r e a c t i o n  
was c a r r i e d  o u t  In  c o l d  m e t h y l e n e  c h l o r i d e  o r  e t h a n o l - f r e e  
c h l o r o f o r m  s o l u t i o n  w i t h  pow dered  a lu m in iu m  c n l o r i d e  s s  
c a t a l y s t  no c o n d e n s a t i o n  t o o k  p l a c *  C o n d e n s a t i o n  o f  
t h e  k e t o - a c i d  (XXXII5 B*h) w i t h  i s o b u t e n e  i n  m e t h y l e n e  
c h l o r i d e  s o l u t i o n  u n d e r  t h e  c a t a l y t i c  e f f e c t  o f  
t r i f l u o r a e e t i c  a n h y d r i d e  (5 1 ) a l s o  f a i l e d  t  a f f o r d  more  
t h a n  a  t r a c e  o f  n e u t r a l  m a t e r i a l *
As t h e  y i e l d s  o f  e n e d i o n e  (LXXVIII)  I n  t h e s e  
e x p e r i m e n t s  w e r e  n e g l i g i b l e ,  t h e  s c i d  c h l o r i d e  (LXXV) 
was c o n d e n s e d  w i t h  d i a z o i s o b u t a n e  (5 2 , 5 3 ) a f f o r d i n g  t h e  
d l a z o k e t o n e  (LXXXI)* T h i s  s h o u l d  b e  r e a d i l y  c o n v e r t e d  
t o  t h e  o C - c h l o r o t e t o n e  (LXXXII) (54 )  w h ich  on d e h y d r o -  
o h l o r i n a t i o n  w ould  f u r n i s h  t h e  e n e d i o n e  (L X X V III ) .  The 
d i a z o k e t o n e ,  w h ich  fo rm ed  I n  low y i e l d ,  was s t a b l e  i n  
e t h e r e a l  s o l u t i o n  b u t  a p p e a r e d  t o  decom pose  when t h e  
s o l v e n t  was removed a n d  t h u s  was n e v e r  o b t a i n e d  p u re *
The c r u d e  p r o d u c t  was t r e a t e d  w i t h  d r y  h y d r o c h l o r i c  a c i d
g a s  (54)  t o  g i v e  t h e o C - c h l o r o k e t o n ©  (LXXXII) w hich  wae 
s e p a r a t e d  from t h e  k e t o - a c i d  ( x x x i l j  R»H} by w a sh in g  
t h e  p r o d u c t  w i t h  sodium b i c a r b o n a t e  s o l u t i o n *  The 
o ^ - c h l o r o k e t o n e  was d e h y d r o h a l o g e n a t e d  by t r e a t m e n t  w i t h  
c o l l i d i n e  (5 5 )  b u t  t h e  i n f r a - r e d  s p e c t r u m  of  t h e  
p r o d u c t  e x h i b i t e d  o n ly  weak c o n j u g a t e d  c a r b o n y l  
a b s o r p t i o n ,  r e s e m b l i n g  t h e  s p e c t r u m  of t h e  k e t o - e s t e r  
(XXX"T; R* ©)• The p r o d u c t  h o w e v e r  e x h i b i t e d  u l t r a ­
v i o l e t  maximum a t  240  ^ ( 6 ° , 400) e q u i v a l e n t  t o  20$ 
e n e d i o n e  (LXXVIII)  c h a r a c t e r  i n  t h e  f i n a l  p r o d u c t  o r  
a p p r o x i m a t e l y  6, f rom t h e  a c i d  c h l o r i d e  (LXXV)*
C o n d e n s a t i o n  o f  t h e  a c i d  c h l o r i d e  (LXXV) w i t h  
d i a z o r e t h a n e  ( 3 2 , 5 3 )  a f f o r d e d  t h e  c r y s t a l l i n e  d i a z o -  
k e t o n e  (LXXXIII) a l b e i t  i n  low y i e l d *  t v e n  a f t e r  
t r e a t m e n t  w i t h  a l a r g e  e x c e s s  o f  d i a z o m e t h a n e  o v e r  a  
l o n g  p e r i o d  o f  t i m e ,  t h e  r e c o v e r y  o f  u n c h a n g e d  a c i d  
c h l o r i d e  was h ig h *  The d i a z o k e t o n e ,  on t r e a t m e n t  w i t h  
55/^ h y d r o i o  i c  a c i d  ( 5 5 ) ,  was q u a n t i t a t i v e l y  c o n v e r t e d  
t o  t h e  d i o n e  (LXXXIV) w h ich  g a v e  a  p o s i t i v e  io d o f o r m  
t e s t  (55)  and  a f f o r d e d  a b l s - 2 *4 - d i n i t r o p n e n y l h y d r a z o n e  (57i 
The n e x t  a p p r o a c h  t o  t h e  d i r e c t  s y n t h e s i s  o f  t h e  
e n e d i o n e  (LXXVIII)  was t o  b e  a  c o n d e n s a t i o n  b e tw e e n  
l i t h i u m  I s o b u t e n y l  a n d  t h e  l i t h i u m  s a l t  o f  t h e  k e t o - a c i d  
(XXXII; R s I ) f o l l o w i n g  a  m ethod  d e v e l o p e d  by B ra u d e  and
C o l e s  ( 5 8 ,5 9 ) *  I s o b u t e n y l  c h l o r i d e  (60)  c o u l d  o n ly  
b e  p r e p a r e d  I n  v e r y  low y i e l d  by t h e  d e h y d r o c h l o r i n s t i o n  
o f  i s o b u t y l i d e n e  d i c h l o r i d e  a f f o r d e d  by t h e  a c t i o n  o f  
p h o s n h u m s  p e n t a c h l o r i d e  on i s o b u t y r o l d e h y d e  (60)*  
C o n t r a r y  t o  r a u d e  and  P o l e s  ( 6 0 )  t h e r e  was no e v i d e n c e  
f o r  f o r m a t i o n  o f  l i t h i u m  i s o b u t e n y l  when i s o b u t e n y l  
c h l o r i d e  was r e a c t e d  w i t h  f r e s h l y  c u t  l i t h i u m  m e t a l  
u n d e r  s t r i c t l y  a n h y d r o u s  c o n d i t i o n s ;  t h u s  no at tern ,  t  
was made s t  a c o n d e n s a t i o n  v. i t h  t h e  l i t h i u m  s a l t  o f  
t h e  k e t o - a c i d  (XXXITs R«H).
F o l l o w i n g  a m ethod  d e v i s e d  by P e r c i v a l ,  a g n e r  
and  Cook ( 6 1 )  f o r  s e l e c t i v e  a c t i o n  o f  a G r i g n a r d  
r e a g e n t  (6 2 )  w i t h  a  c a r b o x y l i c  a c i d  c h l o r i d e  a t  - 6 5 °  
i n  t h e  r ^ s e n c e  o f  c a t a l y t i c  am o u n ts  o f  f e r r i c  c h l o r i d e ,  
we d e s i r e d  t o  e f f e c t  c o n d e n s a t i o n  b e tw e e n  t h e  a c i d  
c h l o r i d e  (LXXV) and* m e t h a l l y l  magnesium c h l o r i d e  (63 )*
The I n i t i a l  o r o d u e t  would  b© t h e  u n c o n j u g a t e d  e n e d i o n e  ^ 
(LXXXV) w h ich  would b e  e q u i l i b r a t e d  I n  b a s i c  s o l u t i o n  
t o  t h e  c o n j u g a t e d  e n e d i o n e  (LXXVIII)*
h e r e  a p p e a r e d  t o  b e  l i t t l e  r e a c t i o n ,  t h e  p r o d u c t  
c o n s i s t i n g  m a i n l y  o f  a m i x t u r e  o f  u n r c a c t e d  a c i d  c h l o r i d e  
and  l e t o - a c i d  (XXXII; R*H)« The n e u t r a l  f r a c t i o n  on
h y d r o l y s i s  w i t h  d i l u t e  s u l p h u r i c  a c i d  a f f o r d e d  m a in ly  t h e  
k e t o - a c i d  (XXXIIj R*H) t o g e t h e r  w i t h  s m a l l  am oun ts  o f
n e u t r a l  m a t e r i a l ,  t h e  n a t u r e  o f  w h ich  was d e t e r m i n e d  
from t h e  i n f r a - r e d  s p e c t r u m  o f  t h e  p r o d u c t .  I t  was 
fo u n d  t o  b e  a m i x t u r e  o f  d i m e t h a l l y l  (63)# fo rm ed  by 
i n t e r a c t i o n  o f  two m o l e c u l e s  o f  t h e  G r i g n a r d  r e a g e n t ,  
a n d  t o e  d i o n e  (LXXXIV) p r o d u c e d  by a c i d - c a t a l y s e d  
e - u i l i b r a t i o n  o f  t h e  e n e d i o n e  (LXXXV) t o  t h e  e n e d i o n e  
(LXXVIII) w h ic h  t h e n  u n d e r w e n t  r e t r o - a l d o l  f i s s i o n .
The e n e d i o n e  (LXXVIIT) was e v e n t u a l l y  s y n t h e s i s e d  
d i r e c t l y  from t h e  a c i d  c h l o r i d e  (LXXV) i n  a c c e p t a b l e  
y i e l d s  b u t  i n  a s l i g h t l y  im p u re  s t a t e .  The s y n t h e t i c  
p a th w ay  f o l l o w e d  c l o s e l y  t h e  r o u t e  we h a d  a t t e m p t e d  
i n i t i a l l y ,  namely t h r  d i r e c t  c o n d e n s a t i o n  o f  t h e  a c i d  
c h l o r i d e  w ?th  i s o b u t e n e  i n  a  F r l © d e l - C r a f t s  r e a c t i o n  
c a t a l y s e d  by a  Lewis  a c i d *  P r e v i o u s l y  I t  h a d  b e e n  
shown t h a t  w i t h  a lu m in iu m  c h l o r i d e  t h e  y i e l d  of  e n e d i o n e  
h a d  b e e n  so  p o o r  a s  t o  b e  u n a c c e p t a b l e  s s  a s y n t h e t i c  
r o u t e *  i t h  s t a n n i c  c h l o r i d e  ( 6 4 , 6 5 )  h o w e v e r  t h e  r e a c t i o n  
was e f f e c t e d  i n  f a r  b e t t e r  y i e l d ,  a t  l e a s t  a a  f a r  a s  
d i s a p p e a r a n c e  o f  a c i d  c h l o r i d e  from r e a c t i o n  m i x t u r e  was 
c o n c e rn e d *
T h e e o n d e n s s t l o n  was e f f e c t e d  i n  a  m e t h y l e n e  c h l o r i d e  
s o l u t i o n  a t  - 5 °  o f  a  l a r g e  e x c e s s  o f  l i q u i d  i s o b u t e n e  
w i t h  c a t a l y t i c  a m o u n ts  o f  s t a n n i c  c h l o r i d e *  h e n  t h e  
r e a c t i o n  was worked  u p ,  g e n e r a l l y  a f t e r  two d a y s ,  a b o u t
30, o f  u n r e a c t e d  a c i d  c h l o r i d e  r e  a lnecU  I f  t h e  c r u d e  
p r o d u c t  h o w e v e r  was d i s s o l v e d  I n  m e t h y l e n e  G h lo r ld e  and 
t r e a t e d  w i t h  I s o b u t e n e  and  s t a n n i c  c h l o r i d e  f o r  a  f u r t h e r  
two d a y s ,  t h e n ,  on work u p ,  o n ly  t r a c e s  o f  a c i d  c h l o r i d e  
w ere  m a n i f e s t *  I t  would  e p e a r  t o a t  t h e  I s o b u t e n e  may 
b e  removed from t h e  r e a c t i o n  m i x t u r e  In  two w syei  o n e ,
I n  © F ' r l e d e l - C r a f t s  r e a c t i o n  w i t h  t h e  a c i d  c h l o r i d e  
(LXXV) a f f o r d i n g  t h e j S - c h l o r o : © t o n e  ( l x x x ) ,  t h e  o t h e r  
i n  a o w l s - a c i d  c a t a l y s e d  p o l y m e r i s a t i o n  t o  a  com plex  
m i x t u r e  o f  o o l y - i s o o u t e n e s *  The p o l y m e r i c  m i x t u r e  c o u l d  
b e  s e  a r a t e d  from n o n - p a r a f f i n i c  m a t e r i a l  by p a r t i t i o n  
b e tw e e n  p e t r o l e u m  and  a q u e o u s  m e t h a n o l ,  b u t  a more 
e f f i c i e n t  m ethod  was by f i l t e r i n g  © l i g h t  p e t r o l e u m  
s o l u t i o n  o f  t h e  c r u d e  p r o d u c t  t h r o u g h  a s h o r t  co lum n 
o f  a lu m in a  (G rad e  I ) .  T h i s  a l s o  s e r v e d  t o  d e h y d r o -  
c h l o r i n a t e  t h e  I n t e r m e d i a t e ^ - c h i  o r o k e t o n e  (LXXX) t o  
t h e  e n e d i o n e  (LXXVIII) w h ich  was e l u t e d  w i t h  e t h e r #  
E x te n d e d  e l u t i o n  w i t h  e t h e r  n e v e r  a c c o u n t e d  f o r  more 
t h a n  '0; o f  a c i d  c h l o r i d e ,  y e t  i f  t h e  earn© column was 
e l u t e d  w i t h  c h l o r o f o r m  t h r e e  d a y s  l a t e r ,  s m a l l  b u t  
s i g n i f i c a n t  a m o un ts  o f  t h e  d l o n e  (LXXXIV) w e r e  f u r n i s h e d *  
I t  would  a p p e a r  t h a t  t h e  e n e d i o n e  (LXXVIII) a d h e r e s  
s t r o n g l y  t o  t h e  a lu m i n a  w h ich  i s  s u f f i c i e n t l y  be s i c  t o  j
e f f e c t  a r © t r o - ? ? l d o l  r e a c t i o n .  I t  i s  n o t e w o r t h y  t h a t  
t h e  i n t e r s d i a t e / 5 - c h l o r o k e t o n e  (LXXX) d o e s  n o t  
d e h y d r o c h l o r i n e t e  when s h a k e n  w i t h  a c o l d  s a t u r a t e d  
sod ium  c a r b o n a t e  s o l u t i o n  o r  when f i l t e r e d  t h r o u g h  
a lu m in a  (G ra d e  I I I ) ,  and  o n l y  t o  e s m a l l  e x t e n t  when 
d i s t i l l e d *
The c r u d e  e n e d i o n e ,  o b t a i n e d  I n  70/ y i e l d  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1710  omT1 ( G y c lo h e x a n o n e ) ,  
1685 cm .1 ( c o n j u g a t e d  k e t o n e ) ,  162-  c m . l  ( o l e f i n )  w i t h  
o n ly  e weak b and  a t  1790 c m i l  ( a c i d  c h l o r i d e )  a n d  a  
s t r o n g  band a t  1740 omri* The p r e s e n c e  o f  a  
( 3 * { 3 - d i s u b s t i t u t e d  ©C i £ - u n e a t u r a t @ a  c a r b o n y l  s y s te m  was 
c h a r a c t e r i s e d  by t h e  u l t r a - v i o l e t  maximum a t  241 
th o u g h  t h e  S  v a l u e  was o n l y  4 0 0 0 -5 0 00 *  I t  was t h u s  
a p p a r e n t  t k t  t h e  i m p u r i t y  I n  t h e  e n e d i o n e ,  c h a r a c t e r i s e d  
by t h e  band a t  1740 c m . l ,  was t r a n s p a r e n t  i n  t h e  u l t r a ­
v i o l e t ,  and  from t h e  r e l a t i v e  I n t e n s i t i e s  o f  t h e  b a n d s  
a t  174 c m . l  and  at, 1885 cm.rl ( c o n j u g a t e d  k e t o n e )  w i t h  
r e s p e c t  t o  t h e  c y c l o h e x a n o n e  band  a t  1710 cm?! i t  was 
a p p a r e n t  t h a t  t h e  1740  cm*l b an d  was a s s o c i a t e d  w i t h  
some f u n c t i o n  o f  t h e  c a r b o x y l  g r o u p .
An I m m e d ia te  e x p l a n a t i o n  o f  t h e  n a t u r e  o f  t h e  
I m p u r i t y  was n o t  o b v i o u s  b u t  two p o s s i b i l i t i e s  w e re  
p r o p o s e d .  The f i r s t  a s c r i b e d  t h e  174G om*l band  t o  a
c y c l o p e n t e n o n e  m o ie ty  i n  t h e  t r i c y c l i c  d i o n e  (LXXIX) 
w h ic h  m o l e c u l e  c o u ld  c o n c e i v a b l y  a r i s e  t h r o u g h  a 
L e w i s - a c i d  c a t a l y s e d  o y e l i s a t i o n  o f  t h e y ® - c h l o r o k e t o n e  
(LXCX). The s e c o n d  a t t r i b u t e d  t h e  1740 om7L b and  t o  
an  e a t e r  g r o u p i n g  i n  t h e  k e t o - e s t e r  (X.XXIIs RwBu^) w h ich  
s h o u l d  r e a d i l y  b e  a f f o r d e d  by a  L e w i s - a c i d  c a t a l y s e d  
e s t e r ! f * Gallon o f  t h e  k e t o - a c i d  (XXXII; R*H) w i t h  
i s o b u t e n e .  Though i n i t i a l l y  t h e  r e a c t i o n  m i x t u r e  was 
s t r i c t l y  a n h y d r o u s  I t  was t h o u g h t  t h a t  s u f f i c i e n t  m o i s t u r e  
f o r  h y d r o l y s i s  o f  a  p o r t i o n  o f  t h e  a c i d  c h l o r i d e  (LXXV) 
t o  t h e  k e t o - a c i d  (XXXIIj B«*H) c o u l d  b e  I n c o r p o r a t e d  on 
a d d i t i o n  o f  t h e  e x t r e m e l y  h y g r o s c o p i c  s t a n n i c  c h l o r i d e .
From a n a l y t i c a l  d a t a  on s l i g h t l y  im p u re  e n e d i o n e ,  
i t  was a lw a y s  fo u n d  t h a t  t h e  c a r b o n  a n a l y s i s  was lo w ,  
w h ich  would  n o t  b e  c o n s i s t e n t  w i t h  t h e  p r e s e n c e  o f  t h e  
i s o m e r i c  t r * c y c l i c  d i o n e  (LXXIX). h o w e v e r  a s s u m in g  t h e  
k e t o - e s t e r  (XXXII; t o  b e  t h e  i m p u r i t y ,  t h e
a n a l y t i c a l  f i g u r e s  a r e  s a t i s f a c t o r i l y  e x p l a i n e d .
The p u r i f i c a t i o n  o f  t h e  e n e d i o n e  was a n  e x t r e m e l y  
t e d i o u s  t a s k  n e c e s s i t a t i n g  c a r e f u l  c h r o m a to g r a p h y  on 
s i l i c a ;  c h r o m a to g r a p h y  on a l u m i n a  o r  d i s t i l l a t i o n  
e f f e c t i n g  no s e p a r a t i o n  f  t h e  i m p u r i t y  f rom t h e  e n e d i o n e .  
G l u t ! o n  w i t h  b e n z e n e  o f  t h e  c r u d e  e n e d i o n e  on s i l i c a  
a f f o r d e d  s m a l l  am o u n ts  o f  a  s i m p l e  e s t e r ,  p r o b a b l y  a r i s i n g
f rom  t r a c e s  o f  o x a l y l  c o l o r I d ©  I n  t h e  a c i d  c h l o r i d e  
(LXXV) o r  from i m p u r i t i e s  i n  t h e  m e t h y l e n e  c h l o r i d e *  
k l u t l o n  w i t h  1/ e t h e r  i n  b e n z e n e  a f f o r d e d  t r a c e s  o f  
a c i d  c h l o r i d e  (LXXV) t o g e t h e r  w l t n  a  com plex  m i x t u r e  
w i t  i n f r a - r e d  a b s o r p t i o n  a t  174o  cm .1 , 1710  cm** 
( c y c l o h e x a n o n e )  and 1650  cm!1 , t h e  i n t e n s i t y  o f  t h e  
165 em l1 b a n d  d e c r e a s i n g  and t h e  i n t e n s i t y  o f  
174 c m .1 band  I n c r e a s i n g  w i t h  r e s p e c t  t o  1710  cm!1 
band  on c o n t i n u e d  e l u t i o n .  B u r t h e r  e l u t i o n  w i t h  1/ 
e t h e r  i n  b e n z e n e  f u r n i s h e d  t h e  e n e d i o n e  (LXXVIII)  
c o n t a m i n a t e d  w i t h  t h e  k e t o - e s t e r  (XXXII; K * i u t ) .
L l u t i o n  w i t h  2, e t h e r  i n  b e n z e n e  i m m e d ia t e l y  a f f o r d e d  
t h e  e n e d i o n e  c o n t a i n i n g  p r o g r e s s i v e l y  l e s s  o f  t h e  
k e t o - e s t e r  i m p u r i t y .  C a r e f u l  r e c h r o m a t o g r a p h y  
on s i l i c a  f u r n i s h e d  t h e  e n e d i o n e  © t i l l  c o n t a i n i n g  t h e  
k e t o - e s t e r  i m p u r i t y ,  b u t  i n  l o w e r  p r o p o r t i o n  t h a n  i n  
t h e  c r u d e  p r o d u c t .  C a r e f u l  f r a c t i o n a t i o n  now a f f o r d e d  
t h e  e n e d i o n e  (LXXVIII) ,  i n  p u r e  fo rm ,  a s  t h e  l o w e r  
b o i l i n g  component  ? f  t h e  m i x t u r e ,  w i t h  u l t r a - v i o l e t  
maximum a t  2 4 !  n y x ( £ l2 ,8 GO). The h i g h e r  b o i l i n g  
f r a c t i o n  c o n t a i n e d  a m i x t u r e  o f  t h e  e n e d i o n e  and  t h e  
k e t o - e s t e r  (XXXIIj R«3u t ) .  The l e t t e r  was n e v e r  
i s o l a t e d  i n  a p u r e  s t a t e  e i t h e r  by rep* a t e d  c h r o m a to g r a p h y  
a n d / o r  f r a c t i o n a t i o n .
As I t  r e q u i r e d  a  l o n g  t im e  t o  d e v e l o p  s u c c e s s f u l  
p u r i f i c a t i o n  t e c h n i q u e s  f o r  t h e  e n e d i o n e ,  most  o f  t h e  
a t t e m p t s  t o  c y c l l a e  t h e  e n e d i o n e  w ere  p e r f o r m e d  on 
p a r t i a l l y  p u r i f i e d  m a t e r i a l  c o n t a i n i n g  s i g n i f i c a n t  
am ou n ts  o f  t h e  k e t o - e s t e r  i m p u r i t y .
hen  t h e  c r u d e / 5 - c h l o r o k e t o n e  was g e n t l y  r e f l u x e d  
w i t h  7*5/ h y d r o c h l o r i c  a c i d  ( a ) ,  q u a n t i t a t i v e  c o n v e r s i o n  
t o  t h e  c r u d e  e r o d i o n e  r e s u l t e d .  I f  t h e  r e s u l t i n g  
e n e d i o n e  wr s g e n t l y  r e f l u x e d  w i t h  6N s u l p h u r i c  a c i d  (b)  
h o w e v e r ,  r e t r o - a l d o l  c l e a v a g e  e n s u e d  a f f o r d i n g  t h e  d i o n e  
(LXXXIV), t o g e t h e r  w i t h  t h e  k e t o - a c i d  (XXXII; R«H) f rom  
h y d r o l y s i s  o f  t h e  k e t o - e s t e r  i m p u r i t y  (XXXII; R » 3 u ^ ) .
I t  was t h o u g h t  t h a t  a c i d i c  r e a g e n t s  s h o u l d  c a t a l y s e  t h e  
I n t e r n a l  i c h a e l  r e a c t i o n  o f  t h e  e n e d i o n e  (LXXVIII) t o  
t h e  t r  c y c l i c  d i o n e  (LXXIX) h u t  a s  shown a b o v e ,  a q u e o u s  
a c i d  l e d  t o  p r e f e r e n t i a l  r e t r o - a l d o l  f i s s i o n .  Then 
a n h y d r o u s  a c i d i c  cond  t i o n s  w e re  em p lo y ed ,  namely  
n a p t h a l e n e - 2 - s u l p h o n i c  a c i d  ( c )  (65)  I n  r e f l u x i n g  
b e n z e n e  s o l u t i o n ,  t h e  e n e d i o n e  was r e c o v e r e d  u n c h a n g e d  
t h o u g h  t h e  i n t e n s i t y  o f  t h e  1 7 4 Gem.1 band  i n  t h e  
I n f r a - r e d  s p e c t r u m  o f  t h e  p r o d u c t  had  d e c r e a s e d  w i t h  
c o n c o m i t a n t  p r o d u c t  o f  t h e  k e t o - a c i d  (XXXIIj R*H)•
T h is  may b e  a s c r i b e d  t o  a s low  t h e r m a l  d eco m p o a i t  i o n  
o f  t h e  t - b u t y l  g r o u p  I n  t h e  k e t o - e s t e r  (XXXII; R»Bu*) 
c a t a l y s e d  by t h e  s u l p h o n i c  a c i d  ( 6 7 ) .
As t h e  M i c h a e l  r e a c t i o n  ( 3 6 ) I s  s u p p o s e d l y  a n  
e x o t h e r m i c  r e a c t i o n  i t  was t h o u g h t  t h a t  a  L e w i s - a c i d  
m ig h t  c a t a l y s e  t h e  c v e i l  s a t i o n  i f  t h e  r e a c t i o n  w ere  
c a r r i e d  o u t  a t  room t e m p e r a t u r e  o v e r  a  p e r i o d  o f  days*  
However t h e  c r u d e  e n e d i o n e  was r e c o v e r e d  c o m p l e t e l y  
u n c h a n g e d  when so  t r e a t e d  w i t h  e i t h e r  a n h y d r o u s  s t a n n i c  
c h l o r i d e  (d )  o r  w i t h  b o r o n  t r i f l u o r i d e  ( e )  i n  g l a c i a l  
a c e t i c  a c i d *
■ o l low ing  a  method employed by noo&ward. a n d  h i s  
c o - w o r r e r s  (6 8 )  f o r  t h e  I n t e r n a l  i c h a e l  c y c l i s a t l o n  
o f  ( 3 - s ^ n t o n l n  t o  m e t a - s * n t o n l e  a c i d  (69) ,  t h e  c r u d e  
e n e d i o n e  was g e n t l y  r e f l u x e d  w i t h  a q u e o u s  m e t h a n o l l c  
p o t a s s i u m  h y d r o x i d e  ( f ) *  The a c i d i c  f r a c t i o n  o f  
t h e  p r o d u c t  was shown t o  b e  t o e  e t o - a c l d  ( XXXII5 E*H) 
fo rm ed  by s a o o n i f l c a t i o n  o f  t h e  r  t o - e s t e r  I m p u r i t y  
(XXXII; R sr iu t )*  The n e u t r a l  f r a c t i o n  was composed o f  
t r a c e s  o f  u n r e a c t e d  e n e d i o n e  a n d  :*■ t o - e s t e r  (XXXIIj RwBu*) 
w i t h  t h e  d i o n e  (L X XX IV) ,  f u r n i s h e d  by r e t r o - a l d o l  
f i s s i o n ,  a s  t h e  main  component*  P r o l o n g e d  t r e a t m e n t  
o f  t h e  c r u d e  e n e d i o n e  w i t h  s d ium m e t h o x i d e  (g )  (70 )  
i n  r e f l u x i n g  m e t h a n o l  s l o w l y  a f f o r d e d  t h e  e  t o - a c i d  
(XXXII; R*!i) a n d  t h e  d lon©  (LXXXIV), and  t h e  same 
m i x t u r e  was f u r n i s h e d  by r e f l u x i n g  a m e t h a n o l l c  
s o l u t i o n  o f  t h e  c r u d e  e n e d i o n e  w i t h  i \ - b e n z y l  t r i m e t h y l  
ammonium m e t h o x i d e  (h )  (71 )#  when t h e  c r u d e  e n e d i o n e
was r e f l u x e d  w i t h  p o t a s s i u m  a c e t a t e  ( 1 ) i n  g l a c i a l  
a c e t i c  a c i d  no r e a c t i o n  o c c u r r e d ,  t h e  m a t e r i a l  b e i n g  
r e c o v e r e d  unchanged*
I t  was t h o u g h t  t h a t  one r e a s o n  f o r  n o n - e y c l i s a t i o n  
o f  t h e  e n e d i o n e  m ig h t  b e  t h a t  a n  a n i o n  was n o t  b e i n g  
fo rm ed  a d j a c e n t  t o  t h e  c y c l o h e x a n o n e  g r o u p ,  t h u s  
n e c e s s i t a t i n g  a s t r o n g e r  b a se*  when soda ra ide  ( j )  ( ? 2 )
I n  r e f l u x i n g  b e n z e n e  s o l u t i o n  was em ployed ,  ammonia 
was e v o l v e d  a s  would b e  e x p e c t e d  i f  t h e  a n i o n  w ere  
fo rm e d ,  b u t  t h e  p r o d u c t  a  p e a r e d  t o  b e  a  com plex  
m i x t u r e  c o m p r i s i n g  t h e  c e t o - a o l d  (XXXII| K -B ) ,  
u n c h a n g e d  e n e d i o n e  a n d  p o s s i b l y  t h e  c o r r e s p o n d i n g  
^ - a m l n o k e t o n e  o f  t h e  e n e d i o n e  (LXXVIIl)*
A ga in  a s  t h e  Michael  r e a c t i o n  i s  r e p u t e d  t o  b e  
e x o t h e r m i c  ( 3 6 ) i t  was t h o u g h t  t h a t  t h e  c a t a l y t i c  
e f f e c t  o f  a  s t r o n g  b a s e  i n  n o n - a q u e o u s  s o l u t i o n  o v e r  
a  l o n g  o e r i o d  o f  t i m e  a t  low t e m p e r a t u r e  m ig h t  e f f e c t  
t h e  d e s i r e d  e y c l i s a t l o n  o f  t h e  e n e d i o n e *  However t h e  
c r u d e  e n e d i o n e  was r e c o v e r e d  c o m p l e t e l y  u n c h a n g e d  when 
so  t r e a t e d  i t h  a  l a r g e  e x c e s s  o f  p o t a s s i u m  ^ - b u t o x i d ©
( ’<) (7 3 )  i n  c o l d  x y l e n e ,  s i m i l a r  r e s u l t s  b e i n g  o b t a i n e d  
w i t h  sodium J t - a m y l a t e  ( 1 )  (74)  i n  c o l d  b e n z e n e *  W ith  
sodium t - a m y l a t e  (m) i n  r e f l u x i n g  amyl a l c o h o l ,  h o w ev er ,
t h e  i n f r a - r e d  s p e c t m m  o f  t h e  p r o d u c t  showed d e c r e a s e d  
i n t e n s i t y  o f  t h e  b a n d s  a t  1685 cmT^ and 1620 ©m*^ 
a t t r i b u t e d  t o  t h e  c o n j u g a t e d  t e t o n e *  C a r e f u l  
c h r o m a to g r a p h y  o f  t h e  p r o d u c t  on a lu m i n a  d i d  n o t  a f f o r d  
any how ^eneous  f r a c t i o n s ,  t h e  i n f r a - r e d  s p e c t r a  o f  t h e  
f r a c t i o n s  sh o w ing  com plex  d e c o m p o s i t i o n  t o  h a v e  t a k e n  
o l a o e *  As a l a s t  r e s  o f t  a  f,p u s h - p u l l n r e a c t i o n  (7 5 )  
was a t t e m p t e d ,  p y r i d i n e  (n)  (75)  b e i n g  u s e d  t o  remove 
a  o r o t o n  from t h e  m e t h y l e n e  g r o u p  a d j a c e n t  t o  t h e  
e y c l o h e x a n o n e  i n  t h e  e n e d i o n e  (LXXVIl) a n d  ^ - t o l u e n e -  
s u l p h o n y l  c h l o r i d e  (n )  (75 )  t o  " p u l l "  o r  p o l a r i s e  t h e  
c o n j u g a t e d  c a r b o n y l  g r o u p  t o w a r d s  t h e  oxy g en  w i t h  
P r o d u c t i o n  o f  a  n r r t i a l  p o s i t i v e  c h a r g e  a t  t h © ^ - p o s i t i o n  
Not u n e x p e c t e d l y  t h e  e n e d i o n e  was r e o o v e r e d  u n c h an g e d  
from t h i s  t r e a t m e n t *
I n  th© a b o v e  s e r i e s  o f  e x p e r i m e n t s  no e v i d e n c e  was 
e v e r  o b t a i n e d  f o r  t h e  p r o d u c t i o n  o f  t h e  t r i c y c l i c  d i o n e  
(LXXIX) from t h e  b l c y c l l c  e n e d i o n e  (L X X V II l ) .  I t  i s  
r e a d i l y  s e e n  t h a t  t h e  c o n j u g a t e d  k e t o n e  f u n c t i o n  i s  
n e c e s s a r i l y  p l a n a r  w i t h  f r e e  r o t a t i o n  a b o u t  t h e  s i n g l e  
bond  o f  t h e  0«C -C*m ole ty  o n l y .  In  t h e  c l o s e s t  a p p r o a c h  
o f  t h e ^ - p o s i t i o n  o f  t h e  e n o n e ,  n e c e s s a r y  f o r  b o n d i n g ,  
t o  t h e  C2 m e t h y l e n e  g r o u p  o t t o  t h e  c y e l o h e x a n o n e  c a r b o n y l  
t h e  b u l k y  m e t h y l  g r o u p  a t t a c h e d  t o  t h e ^ 3 - p o s i t i o n  o f  t h e
©none i s  e x t r e m e l y  c l o s e  t o  t h e  m e t h y l e n e  g ro u p *
From s t u d i e s  o f  m o l e c u l a r  m od e ls  i t  can  b e  s e e n  t h a t  
t h i s  n o n -b o n d e d  s t e r i c  r e p u l s i o n  i s  s u f f i c i e n t  t o  
r e t a i n  t h e ^ - p o s i t i o n  o f  t h e  enone  o u t w l t h  b o n d in g  
d i s t a n c e *  Tn t h e  i n t e r m e d i a t e  y S - c h l o r o k e t o n e  (LXX.X) 
h o w e v e r ,  t h e  bo n d s  a t t a c h e d  t  t h e ^ - c a r b o n  atom a r e  
t e t r a h e d r a l l y  d i s p o s e d  w h ich  means t h a t ,  i n  t h e  
c l o s e s t  a p p r o a c h  o f  t  ie firv> o s i t i o n  t o  t h e  " e t h y l e n e  
g r o u p ,  t h e  b u l k y  ( i - m e t h y l  group® c a n  t a k e  up s t e r i c a i l y  
more  f a v o u r a b l e  p o s i t i o n s  s t a g g e r e d  w i t h  r e s p e c t  t o  
t h e  C i -C g-C ^  o la n e *  Thus i n  t i i e y ^ - c h l o r o k e t o n e  
t h e r e  a p p e a r s  t o  b e  a  g r e a t e r  c i a n c e  of  c y c l l s a t i o n  
t a k i n g  l a c e ,  w h ich  was o u r  r e a s o n  f o r  s u g g e s t i n g  t h a t  
t h e  b y - p r o d u c t  i n  t h e  p r e p a r a t i o n  o f  t h e  e n e d i o n e  w i t h  
t h e  I n f r a - r e d  band  a t  1740  omPT̂  c o u l d  c o n c e i v a b l y  be  
t h e  t r i c y c l i c  d l o n e  (LXXIX)* A g a in ,  i f  t h e  t r i c y c l i c  
d i o n e  w ere  a t t a c k e d  by h y d r o x i d e  i o n  ( o r  e q u i v a l e n t )  
a t  t h e  c v c l o p e n t a n o n e  c a r b o n y l  w i t h  c o n c o m i t a n t  r e t r o -  
a l d o l  f i s s i o n  (LXXXVT) a mechanism e x i s t s  whereby  t h e  
p r o d u c t i o n  o f  t i e  k e t o - a c l d  (XXXII; R«;i) f rom t h e  
c r u d e  e n e d i o n e  c an  b e  e x p l a i n e d  w i t h o u t  r e c o u r s e  t o  
a s s u m in g  t h e  p r e s e n c e  o f  m  e a t e r *  From t h e  a c c u m u l a t e d  
e v i d e n c e  h o w e v e r  I t  seems moat  u n l i k e l y  t h a t  t h i s  i a  
t h e  c o r r e c t  e x p l a n a t i o n *
One f u r t h e r  e x p l a n a t i o n  o f  t h e  i m p r a c t i c a b i l i t y  
o f  c o n v e r t i n g  t h e  e n e d i o n e  t o  t h e  t r i c y c l i c  d i o n e  
l i e s  I n  t h e  r e v e r s i b l e  n a t u r e  o f  t h e  M ic h a e l  r e a c t i o n ,  
t h e  © a u i l l b r i u m  l y i n g  m a in ly  t o w a r d s  t h e  b l c y c l l e  
e n e d i o n e  form  r a t h e r  t h a n  t h e  c l o s e d  t r i c y c l i c  form#
From t h e  w ide  r a n g e  o f  r e a g e n t s ,  t e m p e r a t u r e  and 
l e n g t h  o f  r e a c t i o n  t i m e  h o w e v e r  u s e d  I n  t h e  a t t e m p t e d  
o y c l  ■s e t i o n  o f  t h e  e n e d i o n e  i t  seems u n l i k e l y  t h a t  
t h i s  l a s t  e x p l a n a t i o n  i s  v a l i d #
I t  was t h o u g h t  t i n t  t h e  p o s s i b i l i t y  o f  e f f e c t i n g  
a n  i n t e r n a l  c y c l l s a t l o n  o f  t h e  e n e d i o n e  (LXXVIIl)  
m ig h t  b e  g r e a t l y  i n c r e a s e d  I f  t h e ot * / 3 - u n s a t u r a t e d  k e t o n e  
m o ie t y  c o u l d  b e  p o l a r i s e d  I n  a n  i r r e v e r s i b l e  m anner  
t o w a r d s  t h e  c a r b o n y l  g r o u p ,  so  c r e a t i n g  a  l a r g e  
e l e c t i o n  d e f i c i e n c y  a t  t h e / 3 - c a r b o n  atom# 1 t h  
t h i s  i n  v i e w ,  we d e s i r e d  t o  s e l e c t i v e l y  r e d u c e  t h e  
e n e d i o n e  (LX X V IIl ) t o  t h e  k e t o l  (LVj R«H) t h e  
j n - t o l u e n e s u l p h o n a t e  o f  w h ich  s h o u l d  b e  h i g h l y  p o l a r i s e d  
i n  t h e  d e s i r e d  f a s h i o n #  T r e a t m e n t  o f  t h i s  k e t o -  
t o s y l n t e  (LXXXVIX; Rsg~Xe# C$H^*SOg~) u n d e r  b a s i c  
c o n d i t i o n s  s h o u l d  t h e n  a f f o r d  a t r i c y c l i c  k e t o n e  
(LXXXVIXI) r e a d i l y  c o n v e r t i b l e  t o  c l o v e n e  (VI)*  ( c f *  t h e  
f a c i l e  c o n v e r s i o n  o f  t h e  t o s y l & t e  o f  4 - h y d r o x y e y c l o -  
h e x a n o n e  t o  b i c y c l o  [ ? s l sO } h « x & n -2 -o n e  w i t h  p o t a s s i u m
j ^ - b u t o x l d e  I n  j t - b u t a n o l  ( 7 7 ) ) *
h en  t h e  c r u d e  e n e d i o n e  (LXXVIIl) was t r e a t e d  
w i t h  an  e x c e s s  f  sod ium  b o r o h y d r i d e  In  a q u e o u s  
m e t h a n o l  a t  room t e m p e r a t u r e  t h e  d e s i r e d  s e l e c t i v e  
r e d u c t i o n  o f  t h e  e n o n e  d i d  o c c u r  a s  i n d i c a t e d  by t h e  
i n f r a - r e d  s o e c t r u m  o f  t h e  p r o d u c t  w h ich  showed a  l a r g e  
d e c r e a s e  i n  i n t e n s i t y  o f  t h e  b a n d s  a t  1685 and  1620 cm?! 
( e n o n e )  w i t h  r e t e n t i o n  o f  t h e  s t r o n g  band  a t  1710  cm *l  
( e y c l o h e x a n o n e ) • The i n f r a - r e d  s p e c t r u m  o f  t h e  
p r o d u c t  was ^ I s o  m os t  I n f o r m a t i v e  i n  t h a t  i t  i n d i c a t e d  
t h a t  t h e  I n t e n s i t y  o f  t h e  b a n d  ©t 1740 o i s . l  was n o t  
r e d u c e d  d u r i n g  t h e  c o u r s e  o f  r e d u c t i o n #  T h i s  c a n  b e  
e x  l a i n e d  o n ly  by i t  r e p r e s e n t i n g  t h e  e s t e r  f r e q u e n c y  
i n  t h e  k e t o - e a t e r  (XXXII; and  n o t  t h e  c y c l o -
p e n t a n o n e  c a r b o n y l  i n  t h e  t r i c y c l i c  d l o n e  (LXXIX)*
I f  i t  w ere  t h e  l a t t e r ,  t h e  c y c i o p e n t a n o n e  c a r b o n y l  
f u n c t i o n ,  b e i n g  s u b j e c t  t o  t h e  earn© s t e r l e  f a c t o r s  a s  
th<* c a r b o n y l  g r o u p  i n  t h e  e no n e  o f  t h e  e n e d i o n e  (L X X V II l ) ,  
s h o u l d  be  r e d u c e d  w i t h  c o n s e q u e n t  r e d u c t i o n  i n  i n t e n s i t y  
o f  t h e  band  a t  1740 c m r i .
h e n  t h e  c r u d e  k e t o l  was s u b j e c t e d ,  t o  c a r e f u l  
c h r o m a t o g r r  hy on s i l i c a  i t  was fo un d  t h a t ,  a f t e r  
r e m o v a l  o f  t r a c e s  o f  e n e d i o n e  and a c i d  c h l o r i d e  (LXXV)
w i t h  1/ e t h e r  I n  b e n z e n e ,  t h e  k e t o l  (LXXVII) i n  
a d m i x t u r e  w i t h  t h e  k e t o - e s t e r  (XXXII; was
e l u t e d  w i t h  5X e t h e r  i n  be n ze n e*  F u r t h e r  e l u t i o n  
w i t h  e t h e r  a f f o r d e d  a s y r u p ,  p r e s u m a b ly  r e s u l t i n g  from 
r e d u c t i o n  o f  b o t h  c a r b o n y l  g r o u p s  i n  t h e  e n e i l o n e  
(LXXVIIl) e s  t h e  i n f r a - r e d  s i e c t r u r a  e x h i b i t e d  a  b r o a d  
b and  a t  3500 cm^l ( h y d r o x y l )  w i t h  o n ly  weak b a n d s  i n  
t h e  c a r b o n y l  r e g i o n *  S a r e f u l  r e d u c t i o n  o f  p u r e r  
e n e d i o n e  was t h u s  r e q u i r e d *  A lm ost  q u a n t i t a t i v e  
p r o d u c t i o n  o f  t h e  ke t o l  (LXXXVII; R«H) was a f f o r d e d  i f  
t h e  p u r e  e n e d i o n e  was t r e a t e d  w i t h  o n ly  a  s l i g h t  e x c e s s  
o f  sodium b o r o h y d r i d e  I n  d ry  m e t h a n o l  a t  0 ° .  D u r in g  
p u r i f i c a t i o n  o f  t  *e k e t o l  i t  was n o t e d  t h a t ,  f o r  e f f e c t i v e  
f r a c t i o n a t i o n ,  p r e s s u r e s  o f  n o t  h i g h e r  t h a n  0*01 mm* 
m u s t  b e  e m p lo y e d .  At h i g h e r  p r e s s u r e s ,  w i t h  c o n s e q u e n t l y  
h i g h e r  d i s t i l l a t i o n  t e m p e r a t u r e s ,  i t  was fo u n d  t h a t  
t h e  k e t o l  was p a r t i a l l y  d e h y d r a t e d  t o  t h e  d l e n e o n e  
(LXXXIX) a s  e v i d e n c e d  by t h e  a p p e a r a n c e  o f  weak b a n d s  
a t  1645 c m r l  and 1605 c m r l  ( c o n j u g a t e d  d l e n e )  I n  t h e  
i n f r a - r e d  s o e c t r u m  (33 )*  I t  i s  I n t e r e s t i n g  t h a t  u n d e r  
t h ^  a c i d i c  c o n d i t i o n s  o f  w o r k - u p ,  t h e  k e t o l  showed no 
t e n d e n c y  t o  u n d e r g o  an a l l y l  a l c o h o l  r e a r r a n g e m e n t ,  t h e  
g r a d i e n t  o f  t h e  e n d - a b s o r p t i o n  i n  t h e  u l t r a - v i o l e t  
s p e c t r u m  i n d i c a t i n g  a  t r i - s u b s t i t u t e d  d o u b l e  bond ( 7 8 , 7 9 )
e I s o  e v i d e n c e d  by t h e  f e e t  t h a t  t h e  k e t o l  was 
q u a n t i t a t i v e l y  c o n v e r t e d  t o  t a e  c o r r e s p o n d i n g  a c e t a t e  
(LXXXVIX; RttCH^.CO) i n  t h e  c o l d .
A f t e r  a p y r i d i n e  s o l u t i o n  o f  t h e  c r u d e  k e t o l  
(LXXVTI; R*li) h a d  b e e n  warmed w i t h  a  s l i g h t  e x c e s s  o f  
£ - t o l u e n e s u l o h o n y l  c h l o r i d e  f o r  2 h o u r s ,  t h e  i n f r a - r e d  
s p e c t r u m  o f  t h e  p r o d u c t  i n d i c a t e d  s low  d i s a p p e a r a n c e  o f  t h e  
h y d r o x y l  band  (3500  c m . l )  w i t h  c o n c o m i t a n t  a p p e a r a n c e  
o f  b a n d s  a t  16 0 , 1291 and  1275  c m . l  a t t r i b u t e d  t o  t h e  
k e t o - t o s y l a t e  (LXXXVTI; Bsj j -CH ^.agH ^.LO g) .  F u r t h e r  
t r e a t m e n t  w1 t h  g - t o l u e n e s u l p h o n y l  c h l o r i d e  a t  room 
t e m p e r a t u r e  f o r  18 h o u r s  r e s u l t e d  i n  c o m p l e t e  r e a c t i o n  
o f  t h e  h y d r o x y l  f u n c t i o n .  I t  was l a t e r  shown t h a t ,  d u r i n g  
t h e  i n i t i a l  warmed r e a c t i o n ,  t h e  k e t o - t o s y l a t e  f i r s t  
f o rm ed ,  « lo w ly  t h e r m a l l y  decom posed  t o  t h e  d l e n e o n e  
(LXXXTX), b r c a u e e  t h e  p r o p o r t i o n  o f  d i e n o n e  d i d  n o t  
i n c r e a s e  w i t h  f u r t h e r  c o n v e r s i o n  o f  e t o l  t o  k e t o - t o s y l e t e  
i n  t h e  c o l d .  k h e n  t h e  p r o d u c t  was c h r o m a to g r a p h e d  on 
a l u m i n a ,  b e n z e n e  e l u t e d  t h e  b u l k  o f  t h e  m a t e r i a l  a s  
m a i n l y  t h e  k e t o - t o s y l a t e  (LCXXVII; l 0 2 )
c o n t a i n i n g  36A d l e n e o n e  (LXXXIX) c h a r a c t e r  from t h e  
u l t r a - v i o l e t  maximum a t  230  hj/u.(£': ,500). F u r t h e r  
e l u t i o n  w i t h  e t h e r  a f f o r d e d  a m i x t u r e  of  th© k e t o - t o s y l a t e ,  
e t o - e s t e r  (XXXII; RwBu'k) ( t h r o u g h  I n c o m p l e t e  p u r i f i c a t i o n
o f  t h e  k e t o l  (LXXXVII; B«H) )  a n d  19# d l e n o n e  (LXXXIX), 
from t h e  u l t r a - v i o l e t  maximum a t  230 myu.(£4,500)* As, 
a t  t h e  t i m e  o f  p r e p a r a t i o n  o f  t h e  k e t o - t o s y l a t e ,  t h e  
p r e s e n c e  o f  t h e  d l e n o n e  (LXXXIX) was n o t  f u l l y  
r e c o g n i s e d ;  t h e  c r u d e  k e t o - t o s y l a t e  was t r e a t e d  
w i t h  sodium J^ -a m y la te  i n  r e f l u x i n g  t - e m y l  a l c o h o l  i n  
t h e  h o p e  o f  e f f e c t i n g  e y c l i s a t l o n  t o  t h e  t r i c y c l i c  
k e t o n e  ( L i ) .  C h rom atography  o f  t h e  p r o d u c t  on a lu m i n a  
a f f o r d e d  t h e  d l e n o n e  (LXXXIX) a s  a s w e e t - s m e l l i n g  
v o l a t i l e  o i l ,  a s  t h e  p r i n c i p a l  component  o f  t h e  
b e n z e n e  e l u a t e .  F u r t h e r  e l u t i o n  w i t h  e t h e r  a f f o r d e d  
a t h i c k  o i l  w h ich  was shown t o  b e  a  com plex  m i x t u r e  o f  
a t  l e a s t  k e t o - e s t e r  (XXXII; R * B u t ) f d l e n o n e  (LXXXIX) 
and  h y d r o x y l ! c  m a t e r i a l ,  from t h e  i n f r a - r e d  s p e c t r u m .
A p y r i d i n e  s o l u t i o n  o f  t h e  k e t o l  (LXXXVIX; R*d) was 
t r e a t e d  w i t h  o ^ r o m o b e n z e n e s u l p h o n y l  c h l o r i d e  (8 0 )  a s  i t  
was t h o u g h t  t h a t  t h e  r e s u l t i n g  2 , - b r o m o b e n z e n e s u l p h o n s t e  
would b e  more c r y s t a l l i n e  and more r e a c t i v e  (81 )  t h a n  t h e  
c o r r e s p o n d i n g  o - t o l u e n e s u l p h o n a t e .  ' h e n  t h e  r e a c t i o n
was c a r r i e d  o u t  i n  t h e  c o l d ,  t h e  k e t o l  was r e c o v e r e d  
u n c h an g e d  t o g e t h e r  w i t h  © s m a l l  amount  o f  c r y s t a l l i n e  
m a t e r i a l  (m .p .  1 6 3 - 1 7 2 ° ) •  As t h e  i n f r a - r e d  s p e c t r u m  
o f  t h e  p r o d u c t  e x h i b i t e d  o n ly  a r o m a t i c  a b s o r p t i o n ,  I t  
was a s s i g n e d  t h e  £ - b r o m o b e n z e n e s u l p h o n i c  a n h y d r i d e  s t r u c t u r e
when t h e  r e a c t i o n  m i x t u r e  was w arded  on a s t e a m  b a t h  
f o r  2 h o u r s ,  h o w e v e r ,  r e a c t i o n  d i d  o ccu r*  The p ro d u c t  
was c h r o m a to g r a p h e d  on a l u m i n a  and  e l u t i o n  w i t h  b e n z e n e  
a f f o r d e d  t h e  d i e n o n e  (LXXXIX) a s  a  v o l a t i l e  s w e e t -  
s m e l l i n g  o i l  i n  73/ y i e l d *  The p r o d u c t  e x h i b i t e d  
i n f r a - r e d  a b s o r p t i o n  a t  1710 cm*1 ( G y c l o h e n a n o n e ) ,
3 0 5 0 , 1645,  16 1 0 ,  973 and388  om?l ( d i s u b s t i t u t e d  
c o n j u g a t e d  t r a n s  d i e n e )  w i t h  u l t r a - v i o l e t  maximum a t  
23O mjyt(6 2 3 , 9 0 0 ) c h a r a c t e r i s t i c  o f  a d i s u b s t i t u t e d  
c o n j u g a t e d  t r a n s  d i e n e *  F u r t h e r  e l u t i o n  w i t h  e t h e r  
a f f o r d e d  t h e  k e t o - b r o e y l n t e  (LXXXVII; Rs^-Br .O^H^^SOg)  
a s  s m a l l  a m o u n ts  o f  a n o n - c r y s t a l l l s a b l e  g l a s s  w h ich  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1711 cm*l ( c y c l o h e x a n o n e )  
3 10 0 ,  1620 a n d  1580 cm?! ( a r o m a t i c  b a n d s  o f  £ - b r a m o -  
b e n s e n e s u l p h o n a t e ) •
The k e t o l  (LXXXVII; R«H) was r e a d i l y  a c e t y l a t e d  i n  
t h e  c o l d  w i t h  a c e t i c  a n h y d r i d e  i n  o y r l d i n e ,  w i t h o u t  
c o n c o m i t a n t  f o r m a t i o n  o f  d l e n o n e  (LXXXIX)• The p r o d u c t  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1710 cm*l ( c y c l o h e x a n o n e )  
1740 and 1240  c m . l  ( a c e t a t e )  w i t h  e n d - a b s o r p t i o n  i n  t h e  
u l t r a - v i o l e t  c h a r a c t e r i s t i c  o f  a  t r i s u b s t i t u t e d  o l e f i n i c  
d o u b l e  bond  ( 7 8 , 7 9 ) *
As t h e  o r i g i n a l  i n t e n t i o n  o f  s y n t h e s i s i n g  c loven© (VI)  
d i r e c t l y  f rom  t h e  k e t o - a o i d .  (XXXIIj R«H) a n d  a  f o u r - c a r b o n  
u n i t  h a d  met  w i t h  v e r y  l i m i t e d  s u c c e s s  i t  was t h o u g h t  
t h a t  a  t w o - s t a g e  p r o c e s s  m ig h t  b e  more r a c t i c a b l e *
Thus we c o n s t r u c t e d  t h e  d i o n e - e s t e r  (XC) c o n t a i n i n g  
a  r e a c t i v e  m e t h y l e n e  g r o u p  w h ic h  we hoped  would  c o n d e n s e  
i n  a K n o e v e n a g e l  r e a c t i o n  w i t h  a c e t o n e  a f f o r d i n g  a n  
i n t e r m e d i a t e  d i o n e - e s t e r  (XCI) ,  w h ich  would b e  r e a d i l y  
c o n v e r t e d  t o  t h e  d e s i r e d  d l o n e  (LXXIX) c o n t a i n i n g  t h e  
f i f t e e n  c a r b o n  a t o n s  o f  t h e  c loven©  s k e l e t o n  c o r r e c t l y  
p l a c e d #
The a c i d  c h l o r i d e  (LXXV) c o n d e n s e d  w i t h  e t h y l  
e o d i o - a c e t o a c e t a t e  ( >2) a f f o r d i n g  i n  m o d e r a t e  J t i e l d  t h e  
d i o n e - d i e s t e r  (XCII ;  R*Me), w h ic h  was u n s t a b l e  t o  h e a t  
and c o u l d  n o t  b e  s e l e c t i v e l y  h y d r o l y s e d  and  d e c a r b o x y l a t e d  
t o  t h e  d i o n e - e s t e r  (XG) ( 3 3 ) ,  n o r  c o n v e r t e d  t o  t h e  
t r l o n e  ( X C I I l ) #
The d i o n e - e s t e r  (XC) was s u c c e s s f u l l y  p r e p a r e d  i n  
g ood  y i e l d  by c o n d e n s i n g  t h e  a c i d  c h l o r i d e  (LXXV) w i t h  
t h e  e th o xy m agn es lu m  d e r i v a t i v e  o f  e t h y l  £ - b u t y l  
m a l o n e t e  (67)•  The t - b u t o x y c a r b o n y l  g r o u p  was s e l e c t i v e l y
rem oved  from t h e  i n t e r m e d i a t e  d i o n e - d i e s t e r  
( XCTI} Ksst-BuO) by warming In  b e n z e n e  s o l u t i o n  w i t h  
£ - t o l u e n s u l p h o n l c  a c i d  (67)*
A t te m p ts  were  made t o  c o n d e n s e  t h e  d i o n e - e s t e r  (XC) 
w i t h  a c e t o n e  i n  a n o e v e n a g e l  r e a c t i o n  u n d e r  v a r i e d  
c o n d i t i o n s  e m p lo y in g  a v a r i e t y  o f  c a t a l y s t s *  No 
c o n d e n s a t i o n  e n s u e d  when p i p e r i d i n e  o r w - a m l n o c a p r o i c  
a c i d  (84)  w e re  employed I n  c o n j u n c t i o n  w i t h  g l a c i a l  
a c e t i c  a c i d *  A f u r t h e r  a t t e m p t  a t  t h e  K n o e v e n a g e l  
r e a c t i o n  was made by s a t u r a t i n g  a n  a c e t o n e  s o l u t i o n  o f  
t h e  d i o n e - e s t e r  (XC) w i t h  d r y  h y d r o g e n  c h l o r i d e  a t  0 °
( 8 5 , 8 6 )  and  d e h y d r o c h l o r i n a t i n g  t h e  orud© p r o d u c t  by 
e x t e n d e d  t r e a t m e n t  w i t h  p i p e r i d i n e *  . e s l t y l  o x i d e ,  
a  b y - p r o d u c t  o f  t h e  r e a c t i o n ,  was removed by e v a p o r a t i o n  
u n d e r  r e d u c e d  o r e s s u r e ,  b u t  t h e  r e s u l t i n g  o i l  decom posed  
w i t h  l o s s  o f  h y d r o g e n  c h l o r i d e  d e s p i t e  r e s e a t e d  t r e a t m e n t  
w i t h  p i p e r i d i n e  and  c h r o m a to g r a p h y  on s i l i c a *  The 
i n f r a - r e d  and  u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  o f  t h e  
p r o d u c t  w e re  s l i g h t l y  d l  f e r e n t  from t h e  s t a r t i n g  m a t e r i a l  
and w e re  c o m p a t i b l e  w i t h  t h e  f o r m a t i o n  o f  t h e  d i o n e - e s t e r  
( XCI)•  T h a t  no c y c l l s a t l o n  t o  a t r i c y c l i c  sy s te m  had  
o c c u r r e d  was shown when a c i d i c  h y d r o l y s i s  o f  t h e  p r o d u c t  
a f f o r d e d  no a c i d i c  m a t e r i a l  and  t h e  d i o n e  (LXXXIV) a s  t h e  
o n l y  n e u t r a l  f r a g m e n t*  The n a t u r e  o f  t h i s  p r o d u c t ,  
f u r n i s h e d  by h y d r o l y s i s  and  an  a c i d - c a t a l y s e d  r e t r o - a l d o l  met 
a c t i o n ,  wbb shown by i t s  c h a r a c t e r i s t i c  i n f r a - r e d  a b s o r p t i o n  
s p e c t r u m  and  by c o n v e r s i o n  t o  a  b i s  2 * 4 - d l n l t r o p h e n y l -  
h yd raaon®  i d e n t i c a l  t o  a s a m p le  p r e p a r e d  from a u t h e n t i c  
d io n e *
One f i n a l  a t t e m p t  t o  c o n s t r u c t  a s u i t a b l e  
i n t e r m e d i a t e  from t h e  k e t o - a c i d  (XXXII; R»H) was made*
The p o t a s s i u m  s a l t  o f  t h e  a c i d ,  p r e p a r e d  i n  e l t u ,  
r e a d i l y  c o n d e n s e d  w i t n  c h l o r o a c e t o n e  (87)  a f f o r d i n g  t h e  
a c e t o l  e s t e r  (XCIV) I n  h i g h  y i e l d *  I t  was e x p e c t e d  t h a t  
t h i s  compound would r e a d i l y  u n d e r g o  a  b a s e - c a t a l y s e d  
i n t e r n a l  a l d o l  r e a c t i o n  w i t h  d e h y d r a t i o n  f u r n i s h i n g  t h e  
k e t o - l a c t o n e  (XCV)* T h i s  compound,  w hich  would c o n t a i n  
t h e  r e a c t i v e  c o n j u g a t e d  k e t o n e  and  S - l a c t o n e  g r o u p i n g s ,  
s h o u l d  h a v e  i n t e r e s t i n g  p r o p e r t i e s  and  s h o u l d  a l s o  s e r v e  
a s  a  p r e c u r s o r  o f  c l o v e n i c  a c i d  ( V I I ) #
The a c e t o l  e s t e r  was r e c o v e r e d  u n c h a n g e d  when 
r e f l u x e d  f o r  2 h o u r s  w i t h  p y r i d i n e  a n d  d l e t h y l a m i n e  i n  
b e n z e n e ,  a n d  when r e f l u x e d  f o r  2 h o u r s  w i t h  e x c e s s  
p o t a s s i u m  t - b u t o x i d e  i n  x y le n e *  ,hen t r e a t e d  w i t h  one  
e o u i v s l e n t  o f  sodium h y d r o x i d e ,  t h e  a c e t o l  e s t e r ,  i n  c o l d  
m e t b a n o l i c  s o l u t i o n ,  was a l m o s t  q u a n t i t a t i v e l y  s a p o n i f i e d  
t o  t h e  k e t o - a c i d  (XXXII; R«H># T h e r e  was o n ly  s l i g h t  
r e a c t i o n  when a b e n z e n e  s o l u t i o n  o f  t h e  a c e t o l  e s t e r  was 
t r e a t e d  w i t h  a  b e n z e n e  s o l u t i o n  o f  m e t h y l a n l l i n o m a g n e s i u m  
b r o m id e  (8 8 )*  The i n f r a - r e d  s p e c t r u m  o f  t h e  p r o d u c t  
was a l m o s t  i d e n t i c a l  w i t h  t h a t  o f  s t a r t i n g  m a t e r i e l  b u t  
e x h i b i t e d  weak a b s o r D t i o n  a t  3500  cm?1 ( h y d r o x y l ) *
As ©11 a t t e m p t s  t o  f u r n i s h  a  t r i c y c l i c  s y s t e m  by 
e x t e n s i o n  o f  t h e  c a r b o x y l  f u n c t i o n  i n  t h e  k e t o - a c i d  
(XXXTI; B i n )  had  f a i l e d  we a t t e m p t e d  t o  e f f e c t  a 
c o n d e n s a t i o n  a t  t h e  p o s i t i o n  o f  t h e  k e t o - e s t e r  
(XXXIT; RsMe) (89 )  an d  s o  b u i l d  on t h e  t h i r d  r i n g #  
E x te n d e d  t r e a t m e n t  o f  t h e  k e t o - e s t e r  w i t h  so d a m ld e  
a f f o r d e d  ammonia and d o u b t l e s s  a n  e q u i l i b r i u m  m i x t u r e  
o f  t h e  a n i o n  o f  t h e  k e t o - e s t e r  w i t h  t n e  n e g a t i v e  c h a r g e  
b e i n g  m a n i f e s t  a t  e i t h e r  Cq o r  C4 p o s i t i o n s #  A t t e m p t s  
a t  b n u e l e o p h l l i c  d i s p l a c e m e n t  o f  b r o m in e  from  e t h y l  
© ( - b r o m o i s o b u t y r a t e  f a i l e d  c o m p l e t e l y ,  p r o b a b l y  d u e  t o  
t h e  l a r g e  s t e r i c  h i n d r a n c e  t o  a p p r o a c h  o f  t h e  b u l k y  












C%C.tQ«j.CeoK___ kc^ S hcH ____
W c o o R  4
*R5F?m _ TGBNG
°y ^ TCtb,.CO .COOR * ------
xxxv 55£7<




S S O *  » :!?






















L ^ - c o o f %

























L X tt iv i
Ec©o
/  x c
XE t o o c - ^ l f A » ' '
XCI L.XXIX
O
LIT a HAT iBE rjURVDY o f  B l o y c l o  B *5» l3 nonane  sy s te m
Rabe and h i e  s c h o o l ,  who w ere  p r i m a r i l y  c o n c e r n e d  
w i t h  t h e  n a t u r e  o f  t h e  i so m e r i sm  o f  1*5 d i k e t o n e s  t o  
c y c l i c  k o t o - a l o o h o l s ,  w e re  t h e  f i r s t  t o  s y n t h e s i s e  t h e  
b i c y c l o  [3 : 3 : 1]  nonane  sys tem # I n  1 85 8 ,  Babe (90)  
s t u d i e d  t h e  a d d i t i o n  o f  e t h y l  s o d l o - a e e t o a c e t a t e  t o  
& ~carvone  i n  h o t  e t h a n o l  and i s o l a t e d ,  a f t e r  b a s i c  
h y d ro  l y s i s ,  a  compound c i 3 ii20°2  wiai c h  n o t  show t h e  
p r o p e r t i e s  o f  a 1 *5 - d l k e t o n e .  M t h  w e l l i n g e r .  Babe (91 ,
92)  i n  1903 s t u d i e d  t h i s  r e a c t i o n  more f u l l y  and  
p r o p o s e d  s t r u c t u r e  (XCVI) f o r  t h e  p r o d u c t *  I n  1904 
( 9 3 , 9 4 )  t h e y  s u g g e s t e d  t h a t  t h e  f i r s t  s t e p  was a  * i c h a e i  
a d d i t i o n  a f f o r d i n g  t h e  i n t e r m e d i a t e  l s 5 - d i k e t o n e  (XCVII) 
which  was f u r t h e r  o y c l i s e d  by b a s e  t o  give* a f t e r  
h y d r o l y s i s ,  t h e  k e t o - a l c o h o l  (XCVI)* The r e a c t i o n  o f  
h y d r o g e n  i o d i d e  and  p h o s p h o r u s  on t h e  c o r r e s p o n d i n g  
d i o l  a f f o r d e d  an  o p t i c a l l y  i n a c t i v e  h y d r  c a r b o n  (X C V II I ) •  
T h is  work was e x t e n d e d  t o  3 - " e t h y l c y c l o h e x - 2 - e n o n e  
(XXXIX) (94)  and  t o  3*5 - d i m e t h y I c y c l o h e x - 2- e n o n e  (95 * 96 )  
and  t h e  c o r r e s p o n d i n g  M c y c l i c  k e t o - s l c o h o l s  (XCIX) a n d  
(C) p ro d u ced *
^oon a f t e r  t h e  i n c e p t i o n  o f  t h e  s t u d y  (9 0 )  o f  t h e  
i so m e r i sm  I t 5 - d i k e t o n e s — c y c l i c  k e t o - a l c o n o l s ,  t h e
phenomenon o f  t a u t o m e r l s m  was r e a l i s e d *  The a b ov e  
r e a r r a n g e m e n t  i s  n o t  t a u t o m e r i s m  u n d e r  H u o k e l* s  
d e f i n i t i o n  (97*98)  b u t  an  i r r e v e r s i b l e  r e a r r a n g e m e n t  
u n d e r  b a s i c  c o n d i t i o n s  (99)#  The main  d i f f i c u l t y  i n  
p r o v i n g  W  b i s  t h a t  b a s i c  r e a g e n t s  a r e  g e n e r a l l y  
r e q u i r e d  f o r  t h e  i n i t i a l  f o r m a t i o n  o f  t h e  1 ? 5 - d i k e t o n e s #  
However d i e t h y l  e t h y l e n e  b l s a c e t o a c e t a t e  ( C l ) f
p r e p a r e d  from f o r m a l d e h y d e  and e t h y l  a c e t o a C e t a t e  
w i t h o u t  © b a s i c  c o n d e n s a t i o n  a g e n t  ( 9 0 ) ,  was e a s i l y  
c o n v e r t e d  i n t o  t h e  i s o m e r i c  k e t o - a l c o h o l  (CIX) w i t h  
sodium e t h o x i d e #  ( 0 1 ) c o u ld  b e  d i s t i l l e d  u n c h a n g e d  
w h e r e a s  (GIT) decom posed  w i t h  l o s s  o f  w a t e r  a n d  (CIX) 
c o u l d  n o t  b e  r e c o n v e r t e d  t o  ( c i )  by c h e m i c a l  m eans .
A sam p le  o f  (0 1 )  was p l a c e d  i n  a s e a l e d  t u b e  by Rabe 
and S i z e  (1 0 0 )  i n  1902 and  r e - e x a m i n e d  f o r t y  y e a r s  l a t e r  
when Rabe ( 9 9 )  showed t h a t  t h e r e  h ad  b e e n  a b s o l u t e l y  
no r e a r r a n g e m e n t  t o  (CTI), t h u s  show ing  t n a t  b a s e  i s  
r e q u i r e d  f o r  t h e  r e a r r a n g e m e n t #
T h e o r e t i c a l l y  t h e  l s5 -d ik @ to n ©  i n t e r m e d i a t e  ( C U T ) 
from t h e  c o n d e n s a t i o n  o f  e t h y l  a c e t o a c e t a t ©  w i t h  
3*5 -d lm © th y lc y c lo h © x ~ 2 -© n o n e  (9 6 )  may o y c l i s e  t o  g i v e  
t h e  b i c y c l o  [3 : 3 i i j n o n a n e  sy s te m  (CIV) o r  t h e  
M c y o l o  [2*2*2] o c t a n e  s y s te m  (CV), d e f e n d i n g  on w h ic h  
c a r b o n y l  g r o u p  t a k e s  p a r t  i n  r i n g  c l o s u r e #  T ha t  t h e
f o r m e r  i s  fo rm ed  e x c l u s i v e l y  was e l u c i d a t e d  by Babe 
and Appuhn (101)  I n  1943• The smooth d e c a r b o x y l a t i o n
o f  t h e  i n t e r m e d i a t e  bl c y c l i c  k e t o - e s t e r  showed t h a t  tine 
e s t e r  was yg a s  i n  (CIV) r a t h e r  t h a n  X a s  I n  (CX) t o  t h e  
k e to n e #  The h y d r a z o n e  o f  t h e  r e s u l t i n g  k e t o - a l c o h o l  
when h e a t e d  t o  180°  u n d e r  n i t r o g e n  a f f o r d e d  t h e  
a l c o h o l  ( CVX)•  T h a t  t h i s  compound c o n t a i n e d  © t e r t i a r y  
h y d r o x y l  g r o u p  was r e a d i l y  shown, a s  d e h y d r a t i o n  c o u l d  
n o t  b e  e f f e c t e d  u n d e r  t h e  m os t  v i g o r o u s  c o n d i t i o n s #
T h is  was e x p e c t e d  from a  c o n s i d e r a t i o n  o f  B re d t*  s r u l e  (102) 
d c h u l e r  (1 0 3 ) i n  an  i n t e r e s t i n g  addendum s u g g e s t s  
t h a t  t h e  m e t h y l  g r o u p  ( a )  i n  ( O i l )  s h o u l d  b e  more 
a c i d i c  t h a n  t h e  m e t h y l e n e  g r o u p  (b )#  A lso  t h e  
c y c l o h e x p n o n e  g r o u p i n g  s h o u l d  r e t a i n  I s  k e t o n i c  
c h a r a c t e r ,  w h e r e a s  t h e  k e t o n e  In  t h e  a c e t o e c e t a t e  
r e s i d u e  s h o u l d  b© l a r g e l y  e n o l i e  i n  t h e  b a s i c  r e a c t i o n  
c o n d i t i o n s ,  t h u s  a c c o u n t i n g  f o r  t h e  n o n - f o r m a t i o n  o f  
t h e  b l c y c l o [ p j 2 * 2] o c t a n e  sys tem #
A m o s t  s i m p l e  s y n t h e s i s  o f  t h e  b l c y c l o  [3 *3 *l ]  n o n a n e  
sy s te m  was d e v e l o p e d  by e e r w e i n  and 3churmann (134)  i n  
1913* The s v m e t r i c a l  d i o n e - t e t r e - e s t e r  (CVIX) was 
p r e p a r e d ,  e i t h e r  by t r e a t i n g  d i m e t h y l  m a l o n a t e  w i t h  
f o r m a l d e h y d e  and r e f l u x i n g  t h e  s u b s e q u e n t  m i x t u r e  of  
m e t h y l e n e m a l o n l c  e s t e r ,  tp e t h y 1 e n e bigma l o n 1c e s t e r  and  
p e n t a n e h e x a c a r b o x y l l c  e s t e r  w i t h  sodium m e t h o x l d e  i n
dry m e th a n o l  o r  more s im p ly  by warming d i m e t h y l  
r ra lo n a t®  w i t h  m e t n y l e n e  i o d i d e  and sodium m e t h o x l d e  i n  
d r y  m e th a n o l*
(C V II ) shows v e r y  i n t e r e s t i n g  p r o p e r t i e s  i n  t h a t  
i t  may b e  s e l e c t i v e l y  h y d r o l y s e d  a n d  d e c a r b o x y l a t e d  t o  
e i t h e r  (CVTIT), by h e a t i n g  w i t h  w a t e r  i n  a s e a l e d  t u b e ,  
o r  t o  (CIX) by h y d r o l y s i s  w i t h  b a r iu m  h y d r o x i d e  a n d  
s u b s e o u e n t  p y r o l y s i s *  e e r w e i n  a n d  h i s  c o - w o r k e r s  
(105)  p r e p a r e d  t h e  d i k e t o n e  (CX) and  c o n v e r t e d  t h i s  
t o  t h e  p a r e n t  h y d r o c a r b o n ,  b i c y c l o [ 3 *  3 *1]  n o n an e  (CX I) ,  
(b*p* 1 7 0 ° ;  m*p* 1 4 5 - 1 4 6 ° ) *  R e d u c t i o n  o f  t h e  d i k e t o n e  
( ex )  w i t h  sodium a m a l g a  g a v e  t h e  c o r r e s p o n d i n g  2 * 6 - d i o l  
from w n ieh  one  h y d r o x y l  g r o u p  c o u l d  b e  p r e f e r e n t i a l l y  
removed* I n  t h e  a b o v e  r e d u c t i o n  a n  i n t e r e s t i n g  
b y - p r o d u c t  (CXII)  c o n t a i n i n g  t h e  t r i e y c l o [ 1 , 3 2 , 3^ 0] n o n a n e  
sy s te m  was o b t a i n e d  a n d  t h e  s i m i l a r  t r i o y c l o  [ l , 3 ^ , 3 ^ o ]  -  
n onane  sy s te m  i n  ( C X I I I )  was o b t a i n e d  by t r e a t i n g  t h e  
sodium s a l t  o f  t h e  d l o n e - t e t r a e s t e r  (CVII)  w i t h  b r o m in e  
f o l l o w e d  by sodium m e th o x id e *
" ee rw e in  ( 1 0 5 ) made t h e  I n t e r e s t i n g  r e m a r k  t h a t  
t h e  g e o m e t r i c a l  a r r a n g e m e n t  o f  c a r b o n  a to m s  I n  t h e  
b i c y c l o  (3 *3 *3] n o n sn e  s y s te m  (CXI) i s  I d e n t i c a l  w i t h  
t h e  c r y s t a l  s t r u c t u r e  a s s ig n e d ,  t o  d iamond by Bragg  (1 06 )  
and  t h u s  t h e s e  compounds s h o u l d  o c c u r  I n  n a t u r e *
The p o s s i b i l i t y  f  r e a r r a n g e m e n t s  w i t h  I f 5 ~ d i s e t o n e B  
was n o t e d  a l s o  by '>tobbe ( 1 0 7 ) i n  1912* He t r e a t e d  
t h e  c o n d e n s a t i o n  p r o d u c t  o f  b e n z a l a c e t o p h e n o n e  and 
m en th on e  w i t h  sodium e t h o x i d e  a n d  s u g g e s t e d  t h a t  t h e  
p r o d u c t ,  e i t h e r  (CXIV) o r  (CXV) c o n t a i n e d  t h e  
b i c y c l o  £5*3 *1]  n o n a n e  sys tem * T h i s  work wag r e p e a t e d  
by A l l a n  an d  k a l i a n s  (1 0 8 )  i n  1933 ,  who c a r r i e d  o u t  t h e  
c y e l l s s t i o n  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  I n  e t h a n o l *  
C y c lo h e x a n o n e  was t r e a t e d  w i t h  b e n z a l a c e t o p h e n o n e  and  
f u r t h e r  c v c l ' s e d  t o  g i v e  a  m i x t u r e  o f  s t e r e o i s o m e r s  o f  
(CXVT)«
f a c i l e  r o u t e  t o  t h e  b i c y c l o  £3*3 *1] n o n a n e  
sy s te m  h a s  b e e n  d e v i s e d  by a r b u l e s c u  (1 0 9 ) i n  w h ich  
e t h y I l d e n e b 1 e o v c l o h e x a n o n e , p r e p a r e d  i n  40,, y i e l d  from 
c y c l o h e x e n o n e  a n d  e c e t a l d e h y & e ,  was q u a n t i t a t i v e l y  
c o n v e r t e d  t o  2 - m e t h y l - 3 *4 - t e t r a m e t h y l e n e b l c y c l o  £3 1 3 * i]  -  
n o n s n - 4 - o l - 9 - o n e  (CXVII) i n  t h e  p r e s e n c e  o f  h y d r o x i d e  ion* 
A&amantane (C X V II l )  i s  t h e  s i m p l e s t  r e p r e s e n t a t i v e  
o f  Mdia?T ondo ld ,, compounds,  !•©♦ o r g a n i c  compounds I n  
w hich  t h e  s k e l e t a l  c a r b o n  a to m s  a r e  a r r a n g e d  i n  t h e  same 
o r d e r  a s  t h e  c a r b o n  a to m s  i n  t h e  d iamond l a t t i c e *  As 
f o r e c a s t  by e e r w e i n  ( 1 0 5 ) ,  a d a m a n ta n e  wee I s o l a t e d  by 
L ands  and a c h a c e k  (1 1 0 ) from a h o d o n i n  n a p h t h a  I n  1933 ,  
and t ro re  r e c e n t l y  t h lo a d & m a n ta n e ,  i n  w h ich  t h e  s u l p h u r
b r i d g e  i s  p r o b a b l y  b e tw e e n  t h e  0^ a n d  t h e  c a r b o n  
a to m s  o f  b l c y c l o  [3 * 3 *1} n o n a n e ,  h a s  b e e n  I s o l a t e d  
from t h e  k e r o s e n e  f r a c t i o n  o f  c r u d e  m i d d l e  E a s t  o i l  
d i s t i l l a t e  (1 1 1 )*
B o t t g e r  (112)  a t t e m p t e d  t o  s y n t h e s i s e  a d a m a n ta n e  
from © e rw e in *8 d l o n e - t e t r a e s t e r  (CVII)*  Only one  
f u r t h e r  c a r b o n  atom need  b e  i n t r o d u c e d  b e tw e e n  t h e  
and Cy p o s i t i o n s  and  t h i s  wes a c h i e v e d  by t r e a t i n g  
t h e  d i s o d i u m  s a l t  o f  (GYII)  w i t h  m e t h y l e n e  d i b r o m i d e  
I n  a s e a l e d  t u b e .  U n f o r t u n a t e l y  t h e  r e s u l t i n g  
a d a m a n ta n e  d i o n e - t e t r a e s t e r  (CXIX) c o u l d  n o t  b e  
d e c a r b o x y l a t e d  n o r  c o u l d  t h e  k e t o n l c  f u n c t i o n s  b e  
c o n v e r t e d  t o  m e t h y l e n e  g r o u p s .
d a m a n ta n e  was s u c c e s s f u l l y  s v n t h f s i s e d  by 
P r e l o g  and e i w e r t h  (113)  i n  1941 from e e r w e l n 1b (194)  
d l o n e - d l e e t e r  (C IX ) .  A s i m i l a r  c o n d e n s a t i o n  w i t h  
sodium m e t h o x i d e  and  m e t h y l e n e  b r o m id e  a f f o r d e d  d i m e t h y l  
a d a m a n t a n e - 2 , 6 - d i o n e - l , 5 - d i c a r b o x y l r  t© (CXX), w h ich  was 
h y d r o l y s e d  t o  t h e  c o r r e s p o n d i n g  d i o n e - d i a c i d .  ? / o l f f -  
X i s h n e r  r e d u c t i o n  a f f o r d e d  a d i a c i d  w h ich  was 
d e c a r b o x y l a t e d  o v e r  b r o n z e  a t  4 0 0 ° ,  In  s m e l l  y i e l d ,  
f u r n i s h i n g  a d a m a n ta n e  (CXVXIX) i d e n t l o a l  w i t h  t h a t  
o f  Lands, and ^ c h a c e k  (11 )•
L e t t e r  y i e l d s  o f  d i e t h y l  b i c y c l o  [3 *3 *1] n o n a n e -
2 . 6 - d i o n © - 3 , 7 - d l c a r b o x y l a t e  (CIX) w ere  o b t a i n e d  (114)  
by t r e a t i n g  d i e t h y l  g l u t a c o n a t e  w i t h  f o r m a l d e h y d e  i n  
e t h a n o l ,  f o l l o w e d  by r e d u c t i o n  o f  t h e  t e t r a e t h y l
1 . 6 - h e o t a d i e n e - l , 3 * 5 , 7 - t e t r a c a r b o x y l a t e  o v e r  p l a t i n u m  
o x id e *  Dleckmann c y o l i a a t l o n  o f  t h e  l a t t e r  e s t e r  w i t h  
p o t a s s i u m  e t h o x l d e  f u r n i s h e d  (CIX) i n  g o od  y i e l d *
I n  t h e  c o u r s e  o f  h i s  s t u d i e s  on t h e  v a l i d i t y  o f  
B r e d t* a  r u l e ,  P r e l o g  (1 1 5 )  h a d  r e c o u r s e  t o  s y n t h e s i s e  
some b i c y c l o [ 3131II nonane  compounds* i c h t e r l e  (116)  
had  shown t h a t  ^ S - k e t o - e a t e r s  c o u l d  b e  c o n d e n s e d  w i t h
1 . 3 - d i c h l o r o - 2 - b u t e n e  a f f o r d i n g  t h e  3 - c h l o r o c r o t y l  
d e r i v a t i v e ,  w h ich  on t r e a t m e n t  w i t h  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  I n t r o d u c e d  t h e  3 - k e t o b u t y l  g r o u p .
P r e l o g  showed t h a t  l - ( 3 - k e t o b u t y l ) - 2 - o y c l a n o n e - l ~  
c a r b o x y l l c  e s t e r s  (CXXI) when s a p o n i f i e d  a n d  d e c a r b o p i a t e d  
g a v e  b l c y c l i c o h j S  u n s a t u r a t e d  k e t o n e s  of  s t r u c t u r e  ( CXXII) 
when n i s  6 o r  7  and  o f  s t r u c t u r e  (CXXIII)  when n i s  9
o r  more* r i t h  n«8 a m i x t u r e  o f  (CXXII) a n d  (C X X III ) 
was formed*
To s t u d y  t h e  v a l i d i t y  o f  B r e d t ’ s  r u l e  f u r t h e r  P r e l o g  
B tu d ie d  t h e  b e h a v i o u r  o f  l ~ ( 3 ~ o h l o r o c r o t y l )  d e r i v a t i v e s  
t o w a rd s  c o n c e n t r a t e d  s u l p h u r i c  a c i d *  I n  t h i s  c o n n e c t i o n  
e t h y l  c y c l o h e x a n o n e - 2 - c a r b o x y l a t e  was t r e a t e d  w i t h
1 . 3 - d i c h l o r o - 2 - b u t e n e  a n d  sodium e t h o x l d e  a n d  t h e  p r o d u c t  
a l l o w e d  t o  r e a c t  w*th  c o n c e n t r a t e d  s u l p h u r i c  a c i d  a t
room t e m p e r a t u r e  f o r  5 d a y s ,  a f f o r d i n g  e t h y l  4 - m e t h y l -  
T b icy c lo [3 * 3* l ]  n o n - 3 - e n e - 9 - o n e - l - e a r b o x y l a t ©  ( CXXXV; R * E t ) 
from which  t h e  a c i d  (CXXXY; E*H) was o b t a i n e d  on 
a l k a l i n e  h y d r o l y s i s *  T h i s  a c i d  was s t a b l e  t o  q u i n o l i n e  
a t  250°* R e c e n t l y  J u l i a  (117)  h a s  shown t h a t  
c y e l o h # x s n o n e  ray  b e  c o n d e n se d  w i t h  1 , 3 - d i c h l o r o - 2 -  
b u t e n e  u n d e r  s i m i l a r  c o n d i t i o n s  a n d  t h e  p r o d u c t  
c y c l i s e d  t o  4 - m e t h y l b i o y c l o [3 *3 *1] n o n - 3 - e n e ~ 9 - o n e  (GXXV)f 
l i k e w i s e  2 - m e t h y l c y c l o h e x s n o n e  a f f o r d e d  l * 4 - d i ® e t h y l  
b i c y c l o  £ 3 0  *l] n o n - 3 - e n e - 9 - o n e  (CXXVX)*
A n o v e l  s y n t h e s i s  o f  t h e  b i c y c l o  [ 3 *3 *1]  nonane  s y s te m  
from t h e  r e a d i l y  a v a i l a b l e  d i h y d r o  o ( . - ionone  (CXXVTI) h a s  
b e e n  d e v e l o p e d  I n d u s t r i a l l y  (118)*  Thus (CXXVII) w i t h  
h y d r o c h l o r i c  a c i d  i n  e t h a n o l  g i v e s  t h e  e t h y l  e t h e r  
(CXXVIII; R a E t )•  D e h y d r a t i o n  o f  t h e  c o r r e s p o n d i n g  
a l c o h o l  ( CXXVIII1 B*H) a f f o r d e d  a m i x t u r e  o f  i s o m e r s  
(CXXIX) and (CXXX). 2 , 2 , 6 - T r i m e t h y l - 9 - m e t h y l e n e b i c y c l o -
[ 3 *3 *l]  n o n - 6 -©ne (cx x i )  h a s  b e e n  p r e p a r e d  d i r e c t l y  by 
t r e a t m e n t  o f  dihy&ro<4.~ionane CXXVII) w i t h  p h o s p h o r i c  
a c i d  (119)*  S u e h i  (1 18 )  h a s  a l s o  shown t h a t  
t r e a t m e n t  o f  d ihy d roo C - lo n on e  w i t h  b o r o n  t r l f l u o r i d e  i n  
b e n z i n e  g i v e s  t h e  e p o x i d e  (CXXXI).
I n  1953 Cop© (1 23 )  s u g g e s t e d  t h a t  t h e  r e m o v a l  o f  
the  c a r b o n y l  b r i d g e  i n  compounds c o n t a i n i n g  t h e
b l c y c l o [ 3 * 3*1] n o n a n - 9 - o n e  r i n g  s y s te m  a p p e a r e d  t o  
o f f e r  a  a r o r a l s l n g  m ethod f o r  t h e  s y n t h e s i s  o f  s u b s t i t u t e d  
c y c l o - o c t a p o l y e n e s *  The most  r e a d i l y  p r e p a r e d  compound 
o f  t h i s  t y p e  was (CXVI) a l r e a d y  p r e p a r e d  by A l l a n  and 
S a l l a n s  ( 1 0 8 ) .  Cope and  h i s  c o - w o r k e r s  (1 23 )  w ere  
a b l e  t o  i n c r e a s e  t h e  y i e l d  i n  t h e  c y c l i s a t i o n  o f  t h e  
i n t e r m e d i a t e  (CXXXIl),  p r e p a r e d  i n  y i e l d  by th e M ic h a e l  
a d d i t i o n  o f  c y c l o h e x a n o n e  t o  b e n z a l a c e t o p h e n o n e ,  t o  88,% 
e m p lo y in g  h y d r o c h l o r i c  a c i d  i n  a c e t i c  a c i d  a s  c o n d e n s i n g  
a g e n t *  When t h e  oxime o f  (CXVI) was s u b j e c t e d  t o  t h e  
Beckmann r e a r r a n g e m e n t  u s i n g  ^ - t o l u e n e s u l p h o n y l  c h l o r i d e  
i n  p y r i d i n e ,  t n e  am ide  (CXXXIIl)  was fo rm ed  i n  69$ y i e l d *  
P r o l o n g e d  a c i d  h y d r o l y s i s ,  f o l l o w e d  by Hofmann e x h a u s t i v e  
m e t h y l a t l o n  l e d  t o  2 * 4 ~ d i p h © n y l c y c l o - o c t a - l , 4 - d i e n @  
(CXXXIV). When (CXVI) and  t h e  am ide  (CXXXIIl)  were  
h e a t e d  w i t h  a  m i x t u r e  o f  sodium h y d r o x i d e  and  p o t a s s i u m  
h y d r o x i d e  a t  2 5 0 °  q u i t e  s u r p r i s i n g  r e a r r a n g e m e n t s  
o c c u r e d .  Thus (CXVI) g a v e  (GXXXV) and t h e  am ide  (CXXXIIl) 
a f f o r d e d  2 , 4 - d l p h e n y l b i e y c l o [3*310] o c t a - l , 4 - d l © n e  (CXXXVI). 
Cope and hi  s c o - w o r k e r s  (121)  h a v e  p r o v e d  t h e  s t r u c t u r e  
o f  t h e s e  r e a r r a n g e m e n t  p r o d u c t s  b u t  a s  y e t  h a v e  o f f e r e d  no 
mechanism f o r  t h e i r  f o r m a t io n *
By c o n d e n s i n g  c y c l o h e x a n o n e  w i t h  ^ - d i m e t h y l a m i n o -  
p r o p i o p h e n o n e  i n  t h e  p r e s e n c e  o f  sodium h y d r o x i d e ,  f o l l o w e d
by a c ' d  a y o l i e a t l o n  o f  t h e  i n t e r m e d i a t e  1 5 5 - d i k e t o n e  
(CXXXVII) ,  Cope end  Hermann (1 2 2 )  s y n t h e s i s e d  
2 - p h e n y l b i c y c l o  [ 3 *311]  n o n - 2 - e n e - 9 - o n ©  (CXXXVIII),  t h e  
oxime of  w h ich  a l s o  u n d e rw e n t  t n e  jee 'xmann r e a r r a n g e m e n t  
g i v i n g  t h e  c y c l o - o c t a n e  r i n g  sys tem *
: n (? o f  t h e  s i m p l e s t  s y n t h e s e s  o f  t h e  b i c y c l o  [3 * 3 *1] -  
no n an e  sy s te m  was d e v e l o p e d  by Cope and  h y n t r h o l m  ( 1 2 3 ) 
i n  1950* T h i s  i n v o l v e d  l e h a e l  a d d i t i o n  o f  
o ^ c a r b e t a o x y c y c l o h e x a n o n e  t o  a c r o l e i n  a t  - ? 0 °  f o l l o w e d  
by c y c l i s a t i o n  o f  t h e  r e s u l t i n g  a l d e h y d e  w i t h  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  g i v i n g  (GXXXIXj R s E t )  i n  g o o d  y i e l d s .  The 
f i r s t  s t a g e  o f  t h e  s y n t h e s i s  may a l s o  b e  a c c o m p l i s h e d  
by a l k y l a t I o n  o f  t h e  p o t a s s i u m  e n o l a t e  o f  o ( - c s r b e t h a x y -  
c y c l o h e x a n o n e  w i t h  / 3 - c h l o r o  r o p  1 o n a I d e h y d e  d i e t i i y l a c e t a l  
t h o u g h  t h e  y i e l d s  a r e  muoh l o w e r .  I t  i s  n o t e w o r t h y  
t h a t  t n e  c o r r e s p o n d i n g  a c i d ,  (CXXXIXi R«H) o b t a i n e d  
by b a s i c  h y d r o l y s i s  o f  t h e  e s t e r ,  was r e s i s t a n t  t o  
d e c a r b o x y l a t i o n  on h e a t i n g *  I n  t n e  p r e s e n c e  o f  sod ium  
e t h o x l d e  t h e  e s t e r  (CXXXIX; R*!£t) r e a d i l y  u n d e rw e n t  a  
r e v e r s e  n e e t o a c e t l c  e s t e r  c o n d e n s a t i o n  g i v i n g  d i e t h y l  
c y c l o - o c t ~ l - e n e - l , 5 - d l c s r b o x y l a t e  (QXL) I n  g o o d  y i e l d  (.124)* 
■Papa dak  i s  (125)  h a s  r e c e n t l y  e x t e n d e d  Cope and  
b y n e r h o l m s 1 m ethod  (1 2 3 ) by c o n d e n s i n g  t h e  p o t a s s i u m  s a l t  
o f  S - C ^ - m e t h o x y p h e n y D - c y c l o h e x e n - l ,  3 - d i o n e  i n  a
h y d r o c a r b o n  s o l v e n t  w l t n / 3  - c h l o r o p r o p l o n a l d e h y d ©
d l e t h y l a c e t a l  and  s u b s e q u e n t  r i n g  c l o s u r e  t o  t h e
d l o n e  ( G t t t ) . <
A new r i n g  e n l a r g e m e n t  s e q u e n c e  h a s  b e e n  d e v e l o p e d  
by S t o r k  an d  Lendesman ( 1 2 6 ) ,  who h a v e  shown t h a t  
t r e a t m e n t  o f  t h e  p y r r o l i d i n e  enam ine  o f  c y c l o h e x a n o n e  
w i t h  one  e o u i v a l e n t  o f  a c r o l e i n  i n  d i o x a n  a t  0 °  a f f o r d s  
(OXLTX) i n  75$ y i e l d .  .s e x p e c t e d  (120)  when t h e  
m e t h l o d i d e  o f  (CXL1I) was h e a t e d  w i t h  a q u e o u s  b a s e  
4 - c y e l o - o c t e n e c a r b o x y l i c  a c i d  was f o r m e d .
The a c i d  ( CXXXIXi Haii) was h y d r o g e n a t e d  o v e r  
p e l l a d l s e d  b a r iu m  s u l p h a t e  t o  t h e  c o r r e s p o n d i n g  
d i h y d r o  compound, t h e  s i l v e r  s a l t  o f  w h ic h ,  w i t h  
b r o m in e ,  u n d e r w e n t  t h e  H u n a d i e c k e r  r e a c t i o n  a f f o r d i n g  
1 - b r o m o b l c y c l o [3 1 3 *1]  n o n a n -9 -o n©  (C X L III )  (123)*  The 
s t r u c t u r e  was p r o v e d  by  c o n v e r s i o n  t o  b i c y c l e r s 3 * l J  -  
no n an e  (C X I) ,  I d e n t i c a l  w i t h  t h a t  p r e p a r e d  by 
* e e r w e l n  ( 1 0 5 ) .
I t  was shown (1 27 )  t h a t  t h e  o(-b rom ok© tone  (C X L III )  
ga lre  an  im m e d ia te  p r e c i p i t a t e  o f  s i l v e r  b r o m id e  ?*ith 
e t h a n o l i c  s i l v e r  n i t r i t e  w i t h  c o n c o m i t a n t  f o r m a t i o n  o f  
b l e y c l o  [3*3* ]  o c t a n e - l - c a r b o x y l l c  a c i d  (CXLIV* R*GH) an d  
t h e  c o r r e s p o n d i n g  e t h y l  e s t e r  (CXLIVi E * 0 E t )•  The 
same r e s u l t  was o b t a i n e d  u s i n g  m e r c u r i c  a c e t a t e  i n  e t h a n o l  
and w i t h  p o t a s s i u m  h y d r o x i d e  i n  e t h e r ,  t h e  more u s u a l
r e a g e n t  f o r  t h e  F a v c r a k i i  r e a r r a n g e m e n t *  T r e a tm e n t  
o f  t h e e C - b r o m o k e to n e  (C X L II I )  w i t h  sodamld© o r  sodium 
i n  l i q u i d  ammonia a f f o r d e d  t h e  c o r r e s p o n d i n g  ©mid©
(CXLIV; BwllHg) ,  w h i l e  r e d u c t i o n  o f  (CX LIII )  w i t h  l i t h i u m  
a lu m in iu m  h y d r i d e  a l s o  a f f e c t e d  r e a r r a n g e m e n t  t o  t h e  
v o l a t i l e  s o l i d  a l c o h o l  (CXLV) (124)*
The a b i l i t y  o f  s i l v e r  n i t r a t e  and m e r c u r i c  a c e t a t e  
t o  c a t a l y s e  t h e  r e a r r a n g e m e n t  c a n  b e  I n t e r p r e t e d  I n  
t e r m s  o f  t h e  ’ p u s h - p u l l *  mechanism s u g g e s t e d  by t h e  
work o f  Gwain ( 7 5 ) ,  c o n c e r n i n g  t h e  t e r m o l e c u i a r  k i n e t i c s  
o f  and  S^g d i s p l a c e m e n t s *  A c c o r d in g  t o  t h i s  
i n t e r p r e t a t i o n ,  e t h a n o l  o r  w a t e r  f i r s t  a d d s  t o  t h e  
c a r b o n y l  g r o u p ,  a n d ,  e s t a b l i s h i n g  t h e  b o n d ,
s u p p l i e s  t h e  'p u s h * *  The e l e c t r o n  p a i r  o f  t h e  
bond i s  i n  a s t e r i c a l l y  f a v o u r a b l e  p o s i t i o n  t o  a t t a c k  t h e  
0^ c a r b o n  atom from t h e  b a c k s ' d e  a s  t h e  b r o m in e  i s  
d l s o l a c e d ,  a i d e d  by t h e  ’ p u l l *  by t h e  s i l v e r  o r  m e r c u r i c  
ion* Guch a p r o c e s s  i s  s i m i l a r  t o  t h e  commonly 
a o c e p t e d  meohanlsm o f  p l n a c o l  r e a r r a n g e m e n t *  f o r m a t i o n  
o f  an  i n t e r m e d i a t e  c y c l o p r o p a n o n e  i n  t h e  r e a r r a n g e m e n t  
o^  (C X L II I )  by e s t a b l i s h m e n t  o f  a bond b e tw e e n  C* and  
w i t h  e l i m i n a t i o n  o f  h y d r o g e n  b r o m id e ,  p o s t u l a t e d  f o r  
c e r t a i n  F a v o r s k l l  r e a r r a n g e m e n t s  (1 2 8 )  i s  u n l i k e l y *  
f o r m a t i o n  o f  s u c h  an  i n t e r m e d i a t e  would r e q u i r e  l o s s  o f  
a p r o t o n  from t o  p r o d u c e  an  a n i o n ,  t h a t  would  n o t  be
7f.
s t a b i l i s e d  by r e s o n a n c e ,  f o r  t h e  bond  c o u ld
n o t  h a v e  p a r t i a l  doub e b ond  c h a r a c t e r  w i t h o u t  v i o l a t i n g
B r e d t ’ s r u l e  ( s e e  r e f #  127)»
D u r in g  a r e c e n t  s t u d y  o f  t n e  I n t e r m e d i a r y  k e t o l s  i n  
t h e  R o b in so n  a n n e l l a t i o n  r e a c t i o n ,  J o h n s o n  a n d  h i s  
c o - w o r k e r s  (1 2 9 )  h ove  shown t h e  p r e s e n c e  o f  t h e  
b i c y c l o [ 3 i 311] n onane  r i n g  sys tem # The 0^ e p i m e r i c  
k e t o l s ,  p r o d u c e d  from t h e  c o n d e n s a t i o n  o f  t h e  t r i c y c l i c  
k e t o n e  (CXLVI) w i t h  m e t h y l  v i n y l  k t t &m  h a v e  b e e n  shown 
t o  h a v e  t h e  b i c y c l e [3*3*1] n o nane  r i n g  s t r u c t u r e  (CXLVII) 
r a t h e r  t h a n  t h e  f o r m e r l y  p r o p o s e d  c o n s t i t u t i o n s  (CXLVIII)  
and CXLIX) r e s p e c t i v e l y #
I t  was shown h o w ev er  t h a t  t h e  k e t o l  f rom c y c l o ­
h e x a n o n e  and  m e th y l  v i n y l  k e t o n e  h a s  t h e  n o rm a l  s t r u c t u r e  
(CL), b u t  t h e  p a i r  o f  be t o l a  d e r i v e d  from t n e  o c t a l l n d i o n e  
(CLI) h a v e  t h e  b r i d g e d  r i n g  c o n s t i t u t i o n  (C L II )#
As a r e s u l t  o f  t h i s  work some d o u b t  m u s t  b e  c a s t  
on t h e  s t r u c t u r a l  a s s i g n m e n t s  w h ich  h a v e  b e e n  made i n  


























1  1J  V
-XUM
ri








EXPERT M hT A l
U l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a  r e f e r  t o  e t h a n o l  
s o l u t i o n s ,  u n l e s s  s t a t e d  o t h e r w i s e ,  and  w e re  m e a su re d  
w i t h  a Unicam 3*P* 500 s p e c t r o p h o t o m e t e r *  I n f r a - r e d  
s o e c t r a  w e re  d e t e r m i n e d  f o r  n a t u r a l  f i l m s  and  n u j o l  
m u l l s  on t h e  P e r k I n - E l m e r  I n f r a c o r d  s p e c t r o p h o t o m e t e r  
and  P e r k i n - E l m e r  13 s p e c t r o p h o t o m e t e r *
e l t i n g  p o i n t s  ( c o r r e c t e d )  w e re  d e t e r m i n e d  on a  
' o f l e r  b lo c k *  B o i l i n g  p o i n t s  a r e  u n c o r r e c t e d *
The a l u m i n a  u s e d  f o r  c h ro m a to g r a p h y  (S p e n c e ,  
t y p e  H) was a c i d - w a s h e d  and a c t i v a t e d  an d  g r a d e d  
a c c o r d i n g  t o  t h e  e t h o d  o f  Brockmann a n d  uchod& er  (13 0 )*  
L i g h t  p e t r o l e u m  r e f e r s  t o  t h e  f r a c t i o n  o f  b«p* 4 0 - 6 0 °  
u n l e s s  s t a t e d  o t h e r w i s e *
G a s - l i q u i d  c h ro m a to g r a p h y  was c a r r i e d  o u t  on a  
Pye ’ Argon C hrom atograph*  w i t h  4 6 7/k co lum ns  o f
5/ A p lezon  L on C e l i t e  545 (1 2 0 - 1 5 0  mesh)*
: o l e c u l a r  w e i g h t s  w e re  d e t e r m i n e d  on t h e  M e t r o p o l i t a n  
V i c k e r s  M*s*2 mass s p e c t r o m e t e r *
3 -  e t h y l c y c l o h e x - 2 - e n o n e  ( \ \ X T \ ) *
E t h y l  a c e t o a c e t a t e  and  p a r a f o r m a l d e h y d e  w ere  c o n d e n s e d  
i n  t h e  p r e s e n c e  o f  p i p e r i d i n e  a c c o r d i n g  t o  t h e  m ethod  o f  
Cronyn and R i e e s e r  (3 , 3 1 ) *  H y d r o l y s i s  o f  t h e  k e t o -
d l e s t e r  (XLXV) w i t h  20$ s u l p h u r i c  a c i d  a f f o r d e d  
3 ~ m e t h y lc y e l o h e x ~ 2 - e n o n e  - h i c h  \w .b f r a c t i o n a t e d  b e f o r e  
u s e .
thyl 6-CBrb-ttiOKy-3-aethylo.7clohexa.none-3-aoetat® (X^I)
f r e s h l y  d i s t i l l e d  d i e t h y l  m a l o n a t e  (43Qg« 3 m o le s )  
was added  d r o o w l s e  w i t h  s t i r r i n g  e v e r  1 h r*  t o  a  s o l u t i o n  
o f  sodium (7  8*0 3g* a to m )  i n  a b s o l u t e  e t h a n o l  {3 1 *} a t  
room t e v e r n a t u r e  an d  s t i r r i n g  c o n t i n u e d  f o r  1 h r*  a f t e r  
t h e  a d d i t i o n  was co m p le te *  To t h e  c o l d  s o l u t i o n ,  
3 - Te t h y l c y c l c h e x - 2 ~enone  ( 33Gg*, 3 m o le s )  was ad d ed  d r o p w l s e  
w i t h  s t i r r i n g  o v e r  1 h r*  and  s t i r r i n g  c o n t i n u e d  a t  room 
t e m p e r a t u r e  f o r  f i v e  day s*  The d r rk  r e d  s o l u t i o n  
was p o u r e d  on t  c r u s h e d  i c e  (5  k g . )  and c a r e f u l l y  
a c i d i f i e d  w i t h  10$ h y d r o c h l o r i c  acid* The m i x t u r e  was 
t h o r o u g h l y  e x t r a c t e d  w i t h  e t h e r  {3 x 1*5 l * ) f  t h e  
com bined  e t h e r e a l  e x t r a c t s  washed  s u c c e s s i v e l y  w i t h  
s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n  and w a t e r ,  t h e n  
d r i e d  o v e r  magnesium s u l p h a t e *  v a p o r a t i o n  o f  s o l v e n t  
and  s t a r t i n g  m a t e r i a l s  by d i s t i l l a t i o n  u n d e r  15mm* p r e s s u r e  
i n  an o i l  b a t h  a t  1 8 0°  a f f o r d e d  a  t h i c k  r e d  o i l  (5 5 % * ) ,  
w h ich  on r e p e a t e d  f r a c t i o n '  t i o n  a f f o r d e d  a  c o l o u r l e s s  o i l  
b*p* 121 / C * 1 3mm«, njfj^ l * 4ou6 * ( £j o un d .  C§ 6 2 *4 1 M§ 8 *1 *
Calc*  f o r  0X4H2205 i c ,  6 2 . 2 i H, B.15/>)*
3 -  E etfry 1 c v c I  oh e x r n o n e - 3  - . a c e t i c  a c i d  (XaaII I ;  R»aj
The c r u d e  k e t o - d i e s t e r  (55Gg*) wes r e f l u x e d  w i t h  
10, h y d r o c h l o r i c  ac  d (3 l * i  w i t h  v i g o r o u s  s t i r r i n g  f o r  
2 d a  s u n t i l  t h e  e v o l u t i o n  o f  c a r b o n  d i o x i d e  c e a sed *
Ihe  c o o l e  m i x t u r e  was s a t u r a t e d  w i t h  s a l t  and  e x t r a c t e d  
w i t h  e t h e r  (4 x 1 1 . ) *  The com bined  e t h e r e a l  e x t r a c t s  
v e r e  e x t r a c t e d  w i t h  s a t u r a t e d  sod ium  c a r b o n a t e  s o l u t i o n  
end t h e  com bined  a q u e o u s  e x t r a c t s ,  a f t e r  c a r e f u l  
a c i d i f i c a t i o n  w i t h  10; h y d r o c h l o r i c  a c i d ,  s a t u r a t e d  w i t h  
s a l t  and e x t r a c t e d  w i t h  e t h e r  (3 x I  1*)* The com bined  
e t h e r e a l  e x t r a c t s  w e re  washed  w i t h  s a t u r a t e d  s a l t  
s o l u t i o n  and d r i e d  o v e r  magnesium s u l p h a t e  * E v a p o r a t i o n  
o f  s o l v e n t  a f f o r d e d  a  n o n - c r y s t a l l ! s a b l e  t h i c c  r e d  
o i l  ( g p cg * )  w h ic h  g a v e  t h e  d e s i r e d  m t o - a e l d  on 
d i s t i l l a t i o n  o s  a c o l o u r l e s s  o i l  b*p* I 3 1 ° - 1 4 0 ° / J * 2 5 m m * j  
y i e l d  lGQg# (20, )* R e p e a t e d  f r a c t i o n a t i o n  a f f o r d e d  
t h e  p u r e  ke t o - e c i d  a s  a  c o l o u r l e s s  o i l  b*p* 145°/o*52mm*, 
ng0 I.484O. (Foundt C, 6 3 .2 5 1  H, 8 . 2 .
C o l e .  f o r  C, 6 3 .5 5 J  H, 6 . 2 5 / - ) .  T r i t u r a t i o n
w i t h  l i g r o l n  a f f o r d e d  a  s o l i d  w h ich  c r y s t a l l i s e d  from 
e t h e r - l i g h t  p e t r o l e u m  a s  c o l o u r l e s s  p r i s m s  m*p* 5 1 -5 3 °*  
( L i t .  ( 2 2 ) in .p .  37° ) .  ( fo u n d s  C, 6 3 .4 5 1  H, 8 . 2 / ) ) .
M th y l  3 -m e th y lo y o l .o h e x a n o n e - ^ & q g f e t s ..
A s o l u t i o n  o f  3 « m e t h y i c y e l o i i e x a n o n e - 3 - & c e t t c  a c i d  
( XXXTTIi  H*B) ( 3 . 4 g . )  i n  a b s o l u t e  e t h a n o l  (60  ml*} was 
s a t u r a t e d  a t  0 °  w i t h  d r y  h y d r o g e n  c h l o r i d e  g a s  and  t h e  
s o l u t i o n  k e p t  a t  room t e m p e r a t u r e  o v e r n i g h t *  A f t e r  
p o u r i n g  i n t o  I c e - c o l d  w a t e r  (300 m l*} ,  t h e  s o l u t i o n  
was e x t r a c t e d  w i t h  c a r b o n  t e t r a c h l o r i d e  (4  x  50  m l . ) #
The com bined  c a r b o n  t e t r a c h l o r i d e  e x t r a c t s  w e r e  washed  
w5-th d i l u t e  sodium o r r b o n a t e  s o l u t i o n  a n d  w a t e r  a n d  d r i e d  
v o r  mogn s lum s u l p h a t e .  A f t e r  e v a p o r a t i o n  o f  s o l v e n t  
t h e  p a l e  y e l l o w  o i l  ( 3 *6g . )  was f r a c t i o n a t e d * -
(1) b .p .  gC0/ j . 7 w!'n., rQ1 1.4616 U .5e» ) 
(2 ) b .n . 20Q-2 )2°/°*?™*» ng2 1 .4 8 2 0  (1 . 5g , ) .
1 © f r a c t i o n a t i o n  o f  f r a c t i o n  (1 ) f u r n i s h e d  t h e  e t h y l  e s t e r  
( : i x r T j R ;  t )  an a  c o l  u r l e s s  o i l  b«p* 8 2 ° / u . 3mm*, 
n gu 1 *4 6 2 1 .  (Founds C, 6 6 .6 1  H, 9 . 05 .  G a l e ,  f o r
C11 H1 8 ° 3 8 °* 6 6 *655 H* 9 *15' )#
r ; © f r a c t i o n  o f  f r a c t i o n  (2 ) a f f o r d e d  e c o l o u r l e s s  o i l  
b . p .  1 6 2 - 1 6 4 ° / S * 001mm*, n^ 1 1 . 4 9 1 8 .
,j^tlHLl.3 -& e ,^  JjOQCXIIa Re e)
A s l i g h t  e x c e s s  o f  a  dam; e t h e r e a l  s o l u t i o n  o f  
d i a a o m e th a n ©  ( 3 2 ) was a d d e d  t o  a  c o l d  s o l u t i o n  o f  
3-m e t h y I c y  c l o h e x a  n o n e - 3 - a c e t i  c a c i d  (XXXIXX| Bmi) ( 5Q g . )  
i n  e t h e r  (250  m l#)*  A f t e r  s t a n d i n g  a t  room t e m p e r a t u r e
f o r  2 h r s *  t h e  e x c e s s  c l iazom et- iane  was decom posed  w i t h  
a  l i t t l e  a c e t i c  a c i d  a n d  t h e  e t h e r e a l  s o l u t i o n  washed 
w i t h  d i l u t e  sodium h i c a r b o n a t e  s o l u t i o n ,  w a t e r  and  
d r i e d  o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  
a f f o r d e d  t h e  m e th y l  e s t e r  a s  a  c o i : u r l e s s  o i l
b . o .  9 ' - -91° /0 .5 t t im*f rP:J 1 * 4 6 6 6 ,  y i e l d  5Qgs« (93/-)*
D
( / o w n . : G, 6 4 * 9 5 ;  H, 8*85* c i o a i 6 G3 r e q u i r e s
C, 55*2 # H, 8 *75/ ) •  The s e m io a r b a z o n e  c r y s t a l l i s e d  
f rom  m e t h a n o l  a s  c o l o u r l e s s  n e e d l e s  sup* 1 5 'D~151*5 °*
( F o u n d j C, 55* bj  ii ,  8*15* r e q u i r e s
c , 54*75; Hf 7*95/U*
1 -  eth,vlovoXohex-a-Q n.7A3.aeR.em aXcgQ nltrl3e. u ,V IIj
A s o l u t i o n  c f  m a l o n o n i t r i l e  (6 *7s** m o le )  a n d  
3 - m e t u y l c (y c l o h e x - 2 - e n o n e  (XaXIX) ( l l*3s«*  b * l l  m o le )  
i n  d r y  b e n z e n e  (25ml*) c o n t a i n i n g  d r y  ammonium a c e t a t e  
(0 * 3g * )  and g l a c i a l  a c e t i c  a c . d  ( l * 3g . )  was r e f l u x e d  
f o r  2*5 h r s *  u n d e r  a  Dean and  S t a r k  a p p a r a t u s ,  u n t  1 
1*7  ml* w a t e r  was c o l l e c t e d *  The c o o l e d  r e d  s o l u t i o n  
won washed  w i t h  d i l u t e  sodium c a r b o n a t e  s o l u t i o n ,  w a t e r ,  
t h e n  d r i e d  o v e r  magnesium s u l p h a t e .  E v a p o r a t i o n  o f  . 
s o l v e n t  a f f o r d e d  a  s o l i d  mass w h ic h  c r y s t a l l i s e d  f rom 
m e t h a n o l  a s  c o l o u r l e s s  p l a c e s  m*p* 87*8 8 ° ;  y i e l d  8g .  (52$) 
?b - o r o d u c t  e x h i b i t e d  a n  u l t r a - v i o l e t  maximum a t  3QQmjx
(£2 3 . 3 0 0 ) .  (loandiO,75.9s H, 6.45s a, 17.7.
C „H N r e a u i r * s  0 , 7 5 . 9 s  H, 6 . 3 5 s  I ,  1 7 - 7 / 0 .
10  10 2
3 -  e t n y l - 3 - ( d l o g . r b e t : ^ x y m e t h y l ) - c y c l o h e x y l l d e n e -  
w a l o n o n l t r l l e  (XLVIII)
A s o l u t i o n  o f  f r e s h l y  d i s t i l l e d  d i e t h y l  m a l o n a t e  
(3 * 2 g * ,  3*02 m o le )  I n  d r y  e th e r  (40  ml*)  was a d d ed  
d r o D w is e  w i t h  s t i r r i n g  t o  a s o l u t i o n  o f  sod ium  (0* 46 g # ,  
0 * 0 2 g .  a to m )  i n  a b s o l u t e  e t h a n o l  (12*5  m l*)  an d  d ry  
e t ? e r  (53  m l * ) ,  a t  room t e m p e r a t u r e  u n d e r  a n  a t m o s p h e r e  
o f  n ‘ t r o g e n *  s t i r r i n g  was c o n t i n u e d  f o r  0*5  h r*  b e f o r e  
a  s o l u t i o n  o f  3 - m e t h y l e y e l o h e x - 2 ~ e n y l l d e n e f n s l o n o n i t r l l ©
( XLVII) (3 *2 5 g* .  m o le )  i n  d r y  e t h e r  (53  ml*} was
a d d e d  d r o p w l s e  o v e r  0*5 h r ,  t h e n  s t ' r r e d  a t  room 
t e m p e r a t u r e  f o r  14 h rg *  The d e e p  r e d  s o l u t i o n  was 
p o u r e d  i n t o  i c e - c o l d  w a t e r  (333  m l* )  c o n t a i n i n g  6ft 
h y d r o c h l o r i c  a c i d  (20 m l * ) ,  an d  e x t r a c t e d  w i t h  e t h e r  
(2 x 250 m l*)*  The com bined  e t h e r  e x t r a c t s  w ere  
w ashed  w i t h  s a t u r a t e d  sod ium  c a r b o n a t e  s o l  t i o n  and  w a t e r ,  
t h e n  d r i e d  o v e r  magnesium s u l p h a t e #  E v a p o r a t i o n  o f  
s o l v e n t  a f f o r d e d  s. n o n - c r y s t a l l i s & b l e  r e d  o i l  w hich  on 
d i s t i l l a t i o n  f u r n i s h e d  d i e t h y l  m a l o n a t e  ( l * 7 g )  and  a  
t h i c k  r e d  o i l ,  w h ich  would  n o t  d i s t i l  (b*p* 2 0 0 ^ / 0 * OJmm.)
n o r  c o u l d  i t  be  c r y s t a l l i s e d *  T h i s  p r o d u c t  e x h i b i t e d  a n  
u l t r a - v i o l e t  maximum a t  245 dju ( £ 1 2 ,  OQo}* C h ro m a to g ra p h y
on a l u m i n a  (G-ra&e I )  was o f  no a v a i l  a s  t h e  p r o d u c t  
was o n l y  r e c o v e r a b l e  i n  low y i e l d  w i t h  no im provem en t  
o f  i t s  p h y s i c a l  s t a t e *
.E thy l
o v a n o a c e t a t e  (XLXX)i iiii—*  *w*> ' im  iw riw n' i ij* » i* .  i»i»
\ s o l u t i o n  o f  m e t h y l  3 - r n e t h y l e y c lo h e x a n o n © - 3 ~ a c © t a t e  
(XXXTTIj lls e )  ( 0 * 9 6 g . ,  5m• m o le )  a n d  e t h y l  c y a n a © e s t a t e  
( 0 . 5 g . # 5m* m o le )  I n  d r y  b e n z e n e  (20 ml*)  c o n t a i n i n g  
d r y  am onium a c e t a t e  ( 0 *04g * ) an d  g l a c i a l  a c e t i c  a t i d  
( * ' 3 g . )  was r e f l u x e d  f o r  3*5  h r s *  u n d e r  a Dean and 
o t& rk  a ? a r a t u s .  The c o o l e d  s o l u t i o n  was washed w i t h  
d i l u t e  sod ium  c a r b o n a t e  s o l u t i o n ,  w a t e r  a n d  d r i e d  o v e r  
magnesium s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a  
m o b i l e  o i l  ( 1 . 4 g * )  f rom  w hich  t h e  s t a r t i n g  m a t e r i a l s  
w e r e  removed by d i s t i l l a t i o n  b*p* 75*90®/0*5mm. F u r t h e r
d i s t i l l a t i o n  a f f o r d e d  a c o l o u r l e s s  o i l  (Q#2g*) 
b . p *  14‘0~ 1 4 3 ° /9 *  5mm*, 1*4659 w h ic h  e x h i b i t e d  a n
u 11 re • v i o l e t  na ximum a  t  239myu (£ 4 ,  - 3 0 ) .
3 -  ^a rbone thoxym  c th y 1 -3 -m  e thv lc .v  c l  ohexv l i d e n e i a a l o n o n  t t r i l e
ITT
k s o l u t i o n  o f  m e t h y l  3 * m e t h y l c y c l o l i e x a n o n e - 3 - a c © t E t e  
(XXXITT| Rs; e )  (50g* ,  0 . 2 7  m o le )  a n d  p u r e  m a l o n o n i t r i l e  
(25g»p 0*33 m o le )  i n  d r y  b e n z e n e  (1 1*)  c o n t a i n i n g  d r y  
ammonium a c e t a t e  ( 7 * 5 g * ) and  g l a c i a l  a c e t i c  a c i d  (10  m l . )  
was r e f l u x e d  f o r  12 h r  s .  u n d e r  a  Dean an d  h t a r k  a p p a r a t u s
u n t i l  w a t e r  (4*8 m l* ,  0*27 m o le )  was c o l l e c t e d .
Ammonium a c e t a t e  ( 1 . 5 g . )  and  a c e t i c  a c i d  (2 m l . )  w e re  
t h e n  add ed  a n d  t h e  s o l u t i o n  r e f l u x e d  f o r  24  h r s .  B lu e  
s i l i c a  g e l  was p l a c e d  i n  t h e  w a t e r  s e p a r a t o r  t o  e n s u r e  
c o m p l e t e  r e m o v a l  o f  w a t e r  from t h e  r e a c t i o n  m ix tu r e *
The c o o l e d  s o l u t i o n  was washed w i t h  sodium c a r b o n a t e  
s o l u t i o n ,  w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e *  A f t e r  
e v a p o r a t i o n  o f  s o l v e n t  t h e  r e s i d u a l  o i l  was f r a c t i o n a t e d *
The f o r e - r u n ,  b .p *  5 8 - l l l ° / 0 . 1 m m * , c o n t a i n e d  m a l o n o n l t r l l e  
a n d  t r a c e s  o f  t h e  k c t o - e s t e r  (XXXIXI; R*Me), a n d  t h e  
p r o d u c t  d i s t i l l e d  a s  a  c o l o  r l e s s  o i l  b .p *  1 2 2 - 123° / 0 . 1m?s* |  
y i e l d  57*2g* ( 9 1 .5 /  )* R e f r a c t i o n © t i o n  a f f o r d e d  a  s a m p le  
b . p .  144°/0*3mTn., n*® 1 . 5 0 6 3 .  (Found* C, 6 7 * 3 5 ;  H, 7 *0 ;
K, 1 2 .1 5 *  c i 5Hi 6 ° 2^2  r e q u i r e s  C, 6 7 . 2 ;  H, 6 . 9 5 ;  M, 1 2 *05$ )
The p r o d u c t  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  s a o o c m r 1 
( c o n j u g a t e "  n l t r i l e ) ,  ITSScmr3- ( c a r b o m e t h o x y l ) a n d  
159 7  emT1 ( c o n j u g a t e d  o l e f i n t o  d o u b l e  b o n d )  w i t h  a n  
u l t r a - v i o l e t  maximum a t  239mp (£1 3 , 5 0 0 ) .
A t t e m p t e d  l c h & e l  a d d i t i o n  o f  d l e t h y l r n m a l o n a t e  t o  C.l )
A s o l u t i o n  o f  r e d i s t i l l e d d i e t h y l  m a l o n a t e  (810m g . ,
4*5m. m o le )  i n  d r y  e t h a n o l  (20  m l . )  was a d d e d  t o  a  
s o l u t i o n  o f  sod ium  (1 20 m g . ,  5 mg. a to m )  i n  d ry  e t h a n o l  
(10  m l . )  a t  room t e m p e r a t u r e *  To t h e  s t i r r e d  s o l u t i o n  
was a d d ed  a l m o s t  i m m e d i a t e l y  a  s o l u t i o n  o f  t h e  d l n i t r l l e -
e s t e r  (L) ( 865m g. ,  3*7 m .m o le )  I n  d ry  e t h e r  (10  m l * ) ,  
f o l l o w e d  by d ry  e t h e r  ( 1 0  ml.)* T e s o l u t i o n ,  w h ic h  
r a p i d l y  became g o l d e n - y e l l o w  i n  c o l o u r ,  was s t i r r e d  a t  
room t e m p e r a t u r e  f o r  24 h r s * ,  t h e n  p o u r e d  i n t o  i e e -  
w e t e r  (1 1 * ) ,  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  
s a t u r a t e d  w i t h  ammonium s u l p h a t e ,  and e x t r a c t e d  w i t h  
e t h e r  ( 2 x 200 m l*)*  The com bined  e t h e r  e x t r a c t s  
w e re  washed w i t h  d i l u t e  sodium b i c a r b o n a t e  s o l u t i o n ,  
w a t e r  and d r i e d  o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  
o f  s o l v e n t  a f f o r d e d  a  p a l e  r e d  m o b i l e  o i l  ( 1 . 12g . ) ,  
w h ich  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1730 
( c a r b o e t h o x y l )  w i t h  a  weak band a t  1644 cnu* and o n ly  
e x t r e m e l y  wea a b s o r p t i o n  a t  22 ^0  and 1597 cmT1 
( c o n j u g a t e d  d i m l t r i l e ) ,  w i t h  an  u l t r a - v i o l e t  maximum 
a t  2P3rnji ( 2 4 , 7 0 C ) .  The o r o d u c t  was f r a c t i o n a t e d  a t  
0 .1  mm*, a f f o r d i n g  a c o l o u r l e s s  d i s t i l l a t e  ( 0 *6g * )  w i t h  
c o n c o m i t a n t  d e c o m p o s i t i o n  o f  t h e  r e s i d u e  d u r in g ,  t h e  
d i s t i l l a t i o n .
(1 )  b . o .  8 0 ° ,  1 , 4 2 3 0 . The p r o d u c t  e x h i b i t e dit*
i n f r a - r e d  a b s o r p t i o n  a t  1735 omT1 ( c a r b o e t h o x y l ) ,  w i t h  
p weak band  a t  2205 cmT1 ( s a t u r a t e d  n l t r i l e )  a n d  a  
weak band  a t  1644 cm.*’, and  a p p e a r e d  t o  b e  m a in ly  
d i e t h y l m a l o n a t e , ( w h i c h  h a s  b . p .  9 0 ° / l 4mm., 1 . 4 1 3 0 ) .
(2 ) b . p .  1 1 7 - 1 2 5 ° ,  923 1 . 4 5 7 9 .  i h e  p r o d u c t  e x h i b i t e d
D
i n f r a - r e d  a b s o r p t i o n  a t  1727 cm?1 ( c a r b o e t h o x y l ) ,
1708 cmT1 and  a  medium b an d  a t  1644 cm#^, w i t h  a weak
b and  a t  2285  cmT1 ( s a t u r a t e d  n l t r i l e ) #  The p r o d u c t
g a v e  no t e s t  w i t h  f e r r i c  c h l o r i d e  o r  w i t h  B r a d y ’ s r e a g e n t *
( 3 ) b*p* 1 5 3 - 1 6 8 ° ,  n^3 1 *4 8 4 0 * The o r o d u c t  e x h i b i t e d
0
i n f r a - r e d  a b s o r p t i o n  a t  1730 cm#l ( c a r b o e t h o x y l ) ,
2200  pvA 1597  cmr1 ( c o n j u g a t e d  d i n i t r i l e )  w i t h  a weak 
b a n d  a t  2285  cm?1 ( s a t u r a t e d  n l t r i l e ) #
A t tem p ted  a d d i t i o n  .if K e fo rm a tak y  com olex  t o  c y c l o -  
h e ^ v l l d e n e ^ ^ l o n o n l t r i l e  (O i l  RgChU
Z in c  wool  was c u t  i n t o  s m a l l  p i e c e s  and  a c t i v a t e d  
by w a sh in g  w i t h  2$ h y d r o c h l o r i c  a c i d ,  d i s t i l l e d  w a t e r ,  
a l c o h o l ,  a c e t o n e  and  d r /  e t h e r ,  t i e n  d r i e d  i n  a  vacuum 
d e s s i c a t o r *  A s o l u t i o n ,  o f  c y c l o i e x y l i d e n e m a l o n o n l t r i l e  
( L I ;  RsQft) ( l # 4 6 g * ,  0*01 m o le )  and  e t h y l  b r o m o e c e t a t e  
(2*Qg«, 0*012 m o le )  i n  d ry  b e n z e n e  (150 rl * ) was a d d e d  
o v e r  1 h r*  t o  p u r i f i e d  z i n c  wool ( l*3g**  0*02  g . a t o m )  
and t h e  m i x t u r e  r e f l u x e d  w i t h  s t i r r i n g *  A f t e r  2*5  h r s *  
r e f l u x ,  t  e s o l u t i o n  was p a l e ,  g r e e n  and t h e  z i n c  wool  
c o a t e d  w i t h  a g r e e n  o i l *  The s o l u t i o n  was d e c a n t e d  and 
r e f l u x e d  f o r  2 h r s *  w i t h  a c t i v a t e d  z i n c  wool  ( 2 g # ) t h e n  
t h e  p r o c e s s  r e p e a t e d  w i t h  z i n c  ( 2 g * ) f o r  a f u r t h e r  3 h r s *  
The s e p a r a t e  c o o l e d  c o m p le x e s  w ere  decom posed  w i t h  
g l a c i a l  a c e t i c  a c i d ,  p o u r e d  i n t o  a  l a r g e  v o lu m e  o f  w a t e r
and  e x t r a c t e d  w i t h  e t h e r *  The e t h e r  e x t r a c t s  w e re  
c om bined  w i t h  t h e  c o o l e d  b e n z e n e  s o l u t i o n  an d  t h e  
combined e x t r a c t s  washed w i t h  d i l u t e  s u l p h u r i c  a c i d ,  
d i l u t e  sodium c a r b o n a t e  s o l u t i o n ,  w a t e r  and d r i e d  v e r  
magnesium s u l p h a t e *  I v a p o r a t i o n  c f  s o l v e n t  a f f o r d e d  
a r e d  m o b i l e  l a c h r y m a t o r y  o i l  ( l . j S g . )  w h ic h  e x h i b i t e d  
a n  u l t r a - v i o l e t  maximum a t  2j6mp. (€8800 ) ( c o n ju g a te d ,  
d i n i t r i l e } *  E x c e s s  e t h y l  b r o r o e c e t a t e  was removed 
from t  ;e p r o d u c t  by p r o l o n g e d  e v a p o r a t i o n  a t  10Q°/Xlmm*, 
a n d  t h e  r e s i d u e  f r a c t i o n a t e d  a t  G*2®&*
(1 )  b . p .  5 0 - 1 5 9 ° ,  a 2 0  1 . 5 0 4 3 .  The p r o d u c t  e x h i b i t e d£)
i n f r a - r e d  a b s o r  t i o n  a t  2200  and  1595 cm**' ( c o n j u g a t e d  
d i n i t  r i l e ) .  ( C y c l a h e x y l i d e n e m a l o n o n l t r i l e  h a s
b .p #  7 3° /0 * lm m * , n1 ?  1 . 5 i 3 2 ) .
. D
(2 ) b .p *  1 2 9 -1 3 3 °*  n ? °  1*4872*D „ t
(3)  *P* 1 3 3 - 1 4 4 ° ,  rr51 1*4791* The p r o d u c t  e x h i b i t e d
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i n f r a - r e d  a b s o r p t i o n  a t  1723 cm?1 ( c a r b o e t h o x y l )  w i t h  
medium b a n d s  a t  2200  an d  1593 cm?-1- ( c o n j u g a t e d  d l n i t r i l e ) *
(4 )  b*p* 1 4 4 - 1 9 0 ° ,  n®l 1*4820* The p r o d u c t  e x h i b i t e d
’ jP '
i n f r a - r e d  a b s o r p t i o n  a t  1723 cm?1 ( c a r b o e t h o x y l ) ,  w i t h  a
weak b a n d  a t  2153 onj?l ( s a t u r a t e d  n l t r i l e )  w i t h  medium 
b a n d s  a t  1670  and 1618 cm?1 ( c o n j u g a t e d  c a r b o n y l ) ,  a n d  
w i t h  weak b a nd s  a t  2200  an d  1593 cm?1 ( c o n j u g a t e d  d l n i t r l l e i
3 -  C a r b  om e t  h o xy m e t  by 1 -  3 -  m e t  hy 1 - 1  -  oy a n o -1  »d 1 cy a n om e th y  1 -  
q v q I q  e x a n e  ( h i l l )
( a )  A s o l u t i o n  f  p o t a s s i u m  c y a n . d e  ( i* 6 g *  0*025 m o le )  
i n  w a t e r  (25  ml*)  was a d d e d  t o  a s o l u t i o n  o f  3 - m e t h y l -  
3 - o a r b o m e t h o x y m e t h y l o y o l o h e x y l i d e n e m a l o n o n i t r i l e  (I»)
(2*36•  , 0*01 m o le )  i n  e t h a n o l  (100 m l*)  and  t h e  r e s u l t i n g  
s o l u t i o n  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  2 d a y s  
t h e n  s h a k e n  v i  o r o u s l y  f o r  24 h ra *  A f t e r  r em o v a l  o f  
e t h a n o l  u n d e r  r e d u c e d  p r e s s u r e  w i t h o u t  h e a t i n g ,  t h e  
s o l u t i o n  w?s c a r e f u l l y  a c i d i f i e d  w i t h  6 is s u l p h u r i c  a c i d  
en d  t h e  h y d r o g e n  c y a n i d e  removed u n d e r  r e d u c e d  p r e s s u r e  
b e f o r e  e x t r a c t i n g  w i t h  e t h e r  (3 x 50 ml*)* The com bined
e t  i e r  e x t r a c t s  wgr© washed w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  
s o l u t i o n ,  s a t u r a t e d  ammonium s u l p h a t e  s o l u t i o n  and  d r i e d  
o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  
a t h i c k  r e d  o i l  (2*66g*)  w h ich  on t r i t u r a t i o n  i s i t h  
m e t h a n o l  a f f o r d e d  t h e  t r i n i t r i l e  a s  a  w h i t e  powder  
aup#  9 0 - 1 1 5 ° ;  y i e l d  0*59g* (23/~).
( b ) 3 -C a rb o m e th o x y m e t h y l - 3 - m e t h y I c y c l o h e x y 1 I d e n e -  
m e l o n o n i t r i l e  (L) (3 5 g « ,  0*15 m o le )  were  a d d e d  t o  a 
s o l u t i o n  o f  sodium c y a n i d e  (12g* ,  ^*25 m o le )  i n  
d im e th y l f o r m a m ld ©  (1*75  1 * )  c o n t a i n e d  i n  a  2 1* c o n i c a l  
f l a s k ,  and t h e  s o l u t i o n ,  w h ic h  g r a d u a l l y  became y e l l o w ,  
was a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  4 d a y s  w i t h
o c c a s i o n a l  s h a k in g *  The e x c e s s  sod ium  c y a n i d e  was 
d e c 'm n o g e d  by a d d in g  g l a c i a l  a c e t i c  a c i d  (100 m l * ) ,  t h e
h y d r o g e n  c y a n i d e  e v o l v e d  b e i n g  l e f t  t o  e v a p o r a t e
.
o v e r n i g h t  i n  a fum e-oupboareU  The s o l u t i o n  was d i l u t e d  
t o  5 1 .  w i t h  w a t e r  and  e x t r a c t e d  w i t h  e t h e r  (2 x 50 0  ml*)* 
The a q u e o u s  l i o u o r s  w ere  f u r t  e r  d i l u t e d  t o  7  1* w i t h  
w a t e r  and a g a i n  e x t r a c t e d  w i t h  e t  e r  (500 m l . ) *  The 
combined e t h e r  e x t r a c t s  w ere  washed one© w i t h  w a t e r  (5 00ml*) 
an d  d r i e d  o v e r  magnesium s u l p h a t e *  A f t e r  e v a p o r a t i o n  
o f  s o l v e n t ,  t h e  e x c e s s  a c e t i c  a c i d  was removed u n d e r  
r e l u c e d  r e s s u r e  on a s t e a m  b a t h ,  a f f o r d i n g  a  t h i c k  
y e l l o w  o i l  ( 3 5 s * )  w hich  was d i s s o l v e d  I n  b e n z e n e  (5 0  m l . )  
and  c h r o m a to g r a p h e d  on s i l i c a  ( 2 0 0 $ , ) #  I l u t i o n  w i t h  
b e n z e n e  (9 x 500 m l*)  a f f o r d e d  u n r o a c t e d  s t a r t i n g  
m a t e r i e l  IGg* ( 2 9 / )  I d e n t i f i e d  by i t s  i n f r a - r e d  
a b s o r p t i o n  sp e c t ru m *  F u r t h e r  e l u t i o n  w i t h  b e n z e n e  
(6  x 500 m l* )  a f f o r d e d  a c r y s t a l l i n e  s o l i d  m*p* 1 0 2 - 1 1 5 °  
w h ich  was c r y s t a l l i s e d  o n c e  from b e n z e n e - l i g h t  p e t r o l e u m  
&s c o l o u r l e s s  n e e d l e s  m*p* 1 0 6 - 1 2 0 ° j y i e l d  2 6g* (66 ;- ) •  
R e p e a t e d  c r y s t a l l i s a t i o n  of  t h e  m i x t u r e  o f  s t e r e o i s o m e r s  
f rom  a q u e o u s - m e t h e n o l  a f f o r d e d  one iso?r:e r ,  l a t e r  shown 
t o  b e  (LXV) ,  8b c o l o u r l e s s  h e x a g o n a l  p l a t e s  m*p. 1 2 0 , 5 -
1 2 2 °  ( fo u n d s  0 ,  64*651 H, 6 * 6 j U, 15*95* c i 4 fli 7 ° 2^3  
r e q u i r e s  C, 64*S5f H, 6 . 6 j  n $ 16*2/1), E v a p o r a t i o n  o f  
t h e  b e n z e n e - l i g h t  p e t r o l e u m  l i q u o r s  a f f o r d e d  s m a l l
am o u n ts  o f  s t a r t i n g  m a t e r i a l .  
f t  err " t e d  i-leckrrann c y c l i a s t l o n  o f  t h e  t r l n l t r i l e - e | t e r
A s o l u t i o n  o f  t h e  t r i n i t r l l e - e s t e r  ( L I I I )  (G*26g#,
1 i r .m o le )  i n  e t h e r  (25 ml#)  wag a d d e d  d r o p w i s e  w i t h  
s t i r r i n g  o v e r  0*5 h ra *  t o  a s o l u t i o n  o f  sod ium  h y d r i d e  
( 0 *05g#» 0 n u m o le )  i n  d ry  e t h e r  (100 m l* )  c o n t a i n i n g  
d r y  m e t h a n o l  (5 ml#)  and  s t i r r i n g  c o n t i n u e d  a t  room 
t e m p e r s t u r ©  f o r  4 h r s *  The y e l l o w  s o l u t i o n  was p o u r e d  
I n t o  i c e - w s t e r  (100 m l * ) ,  c a r e f u l l y  a c i d i f i e d  w i t h  6 l i  
h y d r o c h l o r i c  a c i d ,  and t h e  a q u e o u s  l a y e r  e x t r a c t e d  w i t h  
e t h e r  (2 x 50 ml#)* The combined e t h e r  e x t r a c t s  w e re  
w ashed  w i t h  w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e #  
E v a p o r a t i o n  of s o l v e n t  a f f o r d e d  a  gummy s o l i d  (0#24g*)#  
w h ic h  e x h i b i t e d  i n f r e - r e d  a b s o r p t i o n  band© a t  2200 c m 7 L 
e n d  1597 cmT3-, a t t r i b u t e d  t o  ( L ) ,  w h i l s t  t h e  u l t r a - v i o l e t  
maximum a t  239mji ( £ 3 , 9 0 0 )  showed t h a t  t h e  c o n j u g a t e d  
d i n l t r l l ©  (L)  was p r e s e n t  t o  t h e  e x t e n t  o f  25/-#
T r i t u r a t i o n  o f  t h e  o i l  w i t h  e t h e r  a f f o r d e d  t h e  c r y s t a l l i n e  
t r l n l t r i l e  ( L I I I )  m#p# 1 1 2 - 1 1 9 ° ,  i d e n t i c a l  (m *p . ;  mixed 
m*p# and i n f r a - r e d  s p e c t r u m )  w i t h  s t a r t i n g  m a t e r i a l *
A t t emnt e u  t e a s e l  r e a c t i o n  b e tw e e n  t  ie t r l n l t r i l e  (LX IlJ ,  
and mat ay 1 fj: I t e t h y l a c r y l a t e *
A s t i r r e d  m i x t u r e  o f  sodium h y d r i d e  (lGGmg#, 4 m*mole) 
i n  d r y  e t h e r  (100 ml*)  was t r e a t e d  w i t h  s u f f i c i e n t  d r y
m e t h a n o l  t o  © nsure  c o m p l e t e  s o l u t i o n #  A s o l u t i o n  o f
t h e  t r l n l t r i l e  e s t e r  ( L I I I )  (520mg*, 2 m*mole) I n  d ry  
e t h e r  (20  ml#)  and  d r y  m e th a n o l  ( 5 ml*)  was added  and  
t h e  r e s u l t i o n  s o l u t i o n ,  w h ich  becam e y e l l o w  i n  c o l o u r  
and  a f f o r d e d  a o d o u r l e s s  e r e c l p i t a t e ,  s t i r r e d  a t  room 
t e m p e r a t u r e  f o r  1 hr*  A s o l u t i o n  o f  r e d i s t i l l e d  m e t h y l  
f t  - d i m e t h y l ^ c r y l a t e  (240mg*, 2 m*mole) i n  d r y  e t h e r  
(10  ml*)  t h e n  add ed  d r o p w i s e  o v e r  0 *2 5  h r * ,  an d  t h e  
r e s u l t i n g  m i x t u r e  s t i r r e d  a t  room t e m p e r a t u r e  f o r  3 h r s *
The m i x t u r e  was p o u re d  i n t o  w a t e r ,  a c i d i f i e d  w i t h  
d i l u t e  h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r *
The combined e t h e r  e x t r a c t s  w e re  washed  t o  n e u t r a l i t y  
w i t h  w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e #  E v a p o r a t i o n  
o f  s o l v e n t  a f f o r d e d  a m i x t u r e  o f  t h e  t r i n i t r i l ©  e s t e r  ( L I I l )  
and  r e t h y l  ^ s ^ - d i m e t h y l a c r y l a t e  a s  a  t i i i c :  y e l l o w  o i l ,  
t h e  l e t t e r  m a t e r i a l  b e i n g  removed by  p r o l o n g e d  e v a c u a t i o n  
a t  10G°/l lmm# T r i t u r a t i o n  o f  t h e  r e s i d u a l  o i l  w i t h  
e t h e r  g a v e  s t a r t i n g  m a t e r i a l  w h ic h  c r y s t a l l i s e d  from 
m e t h a n o l  a s  c o l o u r l e s s  h e x a g o n a l  p l a t e s  m*p* 1 0 0 -1 1 2 °*  
E v a p o r a t i o n  o f  t h e  m o t h e r  l i q u o r s  a f f o r d e d  a  y e l l o w  o i l ,  
w h ic h  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1733 
( c e r b o m e t h o x y 1) and  2 200  and 1597  cmST̂  ( c o n j u g a t e d  
d i n l t r l l e ) *
1 - O a r b o x y - ? -m ethv  I c y  c lo ^ i e x a n e - 1 : 5-d  t a o e t l c  a c i d ,
* ( l V I I I s E fe p
A s o l u t i o n  o f  tcie t r i n i t r i l e - e g t e r  ( L I I I )  (26g* ,
0 . 1  m o le )  (m#p# 1 0 6 - 1 2 0 ° )  i n  fum ing  h y d r o c h l o r i c  a c i d  (1 1* 
ijflg r e f l u x e d  v i g o r o u s l y  f  ; r  72 h r s * ,  t h e n  e v a p o r a t e d  
t o  500  ml* t h e  c o o l e d  s o l  t i o n  was s a t u r a t e d  w i t h  
ammonium s u l p h a t e  an d  e x t r a c t e d  w i t h  e t h e r  (3 x 250 m l#)
Th? combined e t h e r  e x t r a c t s  w ere  washed w i t h  s a t u r a t e d  
s t - o n i u m  s u l p h a t e  s o l u t i o n  (6 x 100 ml#) and  d r i e d  o v e r  
magnesium su lp h a te ®  E v a p o r a t i o n  f s o l v e n t  a f f o r d e d  a 
t h i c h  o i l  w h ich  on t r i t u r a t i o n  w i t h  e t h e r  f u r n i s h e d  t h e  
c r y s t a l l i n e  t r i a c i d  a s  a m i x t u r e  o f  s t e r e o i s o m e r s  
m*p. 1 5 7 - 1 6 4 ° !  y i e l d  23 # S g .  (90, - ) •  F r a c t i o n a l  
c r y s t a l l i s a t i o n  from w a t e r  a f f o r d e d  c o l o u r l e s s  n e e d l e s  
m.p* 1 7 3 - 1 7 5 ° .  ( Founds 0 , 5 5 .7}  d ,  7 . 0 5 .  Ci a Hl 8 0fc 
r e q u i r e s  0 , 5 5 *8 } H, 7 . 05,1 )•
n s u b l i m a t i o n  t h e  t r i a c i d  (LVZII;  RsrH) (m * p * 1 5 7 - l6 4 ° )  
f u r n i s h e d  a n  a n h y d r i d e  (LX) a s  a m i x t u r e  o f  s t e r e o i s o m e r s ,  
w h ich  c r y s t a l l i s e d  from e th e r - r i - a e x s .n ®  a s  c o l o u r l e s s  
p r i s o s  m#p* 1 1 8 - 1 3 6 °  (Founds c, 6 0 . 2 5 ;  H, 6 * 5 5 .  
d a l e .  f o r  CigX^gOjj* C, 5 0 .0 ;  id, 6 # 7. )•  The p r o d u c t  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1650 and  1770 c n u 1 
( s u c c i n i c  a n h y d r i d e ) *
9Z.
i ; l  r e t h y l  l - c a r b o m e t h o x y -^ m e t h y l o y c l o a e x a n e - l *  j - d l a o e t a t e
s o l u t i o n  of  t h e  t r l a o l d  ( L V I I I ;  HrH) ( 3 5 s * ) i n  
e t h e r  ( 2 5 -  m l . )  m s  t r e a t e d  w i t h  a s l i g h t  e x c e s s  o f  a  dry- 
e t h e r e a l  s o l u t i o n  o f  d l a z o m e t h a n e  and a l l o w e d  t o  s t a n d  
a t  r  om t e m p e r a t u r e  o v e r n i g h t .  A f t e r  d€?composiRg t h e  
e x c e s s  d i a z o m e t h a n e  w i t h  a  l i t t l e  a c e t i c  a c i d ,  t  § 
s o l u t i o n  was t a k e n  t o  250 ml* by e v a p o r a t i o n  o f  e t h e r  on 
a a te am  b a t h .  Hie c o o l e d  s o l u t i o n  was washed  w i t h  
s a t u r a t e d  sod ium  b i c a r b o n a t e  s o l u t i o n ,  w a t e r  and  d r ie d ,  
o v e r  magnesium s u l p h a t e *  I v a p o r e t i o n  o f  s o l v e n t  a f f o r d e d  
a p a l e  y e l l o w  o i l  (33£>)  w h ic h  on f r a c t i o n a t i o n  f u r n i s h e d  
t h e  t r i m e t h y l  e a t e r  a s  a c o l o u r l e s s  o i l  b .p *  13J-155° /h*2m n^ 
y i e l d  2 7 . 2 g .  (6 7 /0 #  R e f r e c t i o n a t i o n  a f f o r d e d  a  s a m p le  
b . p .  1 35° /0* lm m *,  ngG 1 .4 7 0 8  (Round* C, 60.151 H, 8 .1 5 *
C, ii 0 r e a u i r e s  C, 6 0 . Oj H, 8 .  >5, )•
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leokm snn  c v c l l s s t i o n  o f  t h e  t r l e s t e r  ( 0 V I I 1 ;  RsMft?
P i n e l v  d i v i d e d  p o t a s s i u m  (8 g # ,  0*2 g . a t o m )  was 
a d d ed  c * r e f u l l y  t o  r e d i s t i l l e d  x y l e n e  (2 1 . )  c o n t a i n i n g  
d r y  tp - b u ta n o l  ( 32g . # 0 . 4  m o le )  u n d e r  en a t m o s p h e r e  o f  
n i t r o g e n .  The m i x t u r e  was g e n t l y  r e f l u x e d  and  a g i t a t e d  
w i t h  a H e r s c h b e r g  s t i r r e r  u n t i l  s o l u t i o n  c o m p l e t e ,  when 
t h e  e x c e s s  J ^ - b u t a n o l  was removed a s  a n  a z e o t r o p e  w i t h  
x y l e n e  u s i n g  a p a r t i a l - t a k e ~ o f f  c o n d e n s e r .  A s o l u t i o n  
o f  t h e  t r i m e t h y l  e s t e r  ( L V I I I ;  E*Me) (JOg*,  0 . 1  m o le )  i n
93.
r e d i s t i l l e d  x y l e n e  (500  ml*)  was added  d r o p w i s e  from a
© r a c n b e r g  d r o o p i n g  f u n n e l  o v e r  24  h r s *  t o  t h e  v i g o r o u s l y  
' ' t i e r e d  r e f l u x i n g  r e a g e n t ;  t h e  J t - b u t a n o l ,  l i b e r a t e d  
d u r i n g  t h e  r e a c t i o n ,  b e in g  p e r i o d i c a l l y  removed a s  a n  
a z e o t r o p e  w i t h  x y le n e *  ^ e f l u x i n g  w i t h  v i g o r o u s  s t i r r i n g  
was c o n t i n u e d  f o r  3 h r s * ,  a f t e r  t h e  a d d i t i o n  was c o m p l e t e ,  
u n t i l  . t - b u t a n o l  c o u ld  no l o n g e r  b e  d e t e c t e d  I n  t h e  x y l e n e  
d i s t i l l a t e *  The c o o l e d  s o l u t i o n  was p o u re d  on c r u s h e d  
i c e  ( 1 kg*)  and w a t e r  { 1 1*) a n d  c a r e f u l l y  a c i d i f i e d  
w i t h  5 h y d r o c h l o r i c  a c i d ,  an d  t h e  x y l e n e  l a y e r  s e p a r a t e d *  
The a q u e o u s  i .ayer  waa e x t r a c t e d  w i t h  e t h e r  (2 x 500 m l*)  
an d  t  a combined e x t r a c t s  washed t a o r o u g h l y  w i t h  w a t e r  
(5 x 600 ml*)  and  d r i e d  o v e r  magnesium s u l p h a t e *
.v a p o rs  l i o n  o f  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  g a v e  a 
t h i c '  r e d  o i l  ( 2 7 * 4 g * ) ,  w h ich  g a v e  a deep  p u r p l e  c o l o u r  
w i t h  f e r r i c  c h l o r i d e *  D i s t i l l a t i o n  a f f o r d e d  a  t h i c k  
c o l o u r l e s s  o i l  b .p *  1 2 2 - 1 5 Q ° /0 * J lm n # ; y i e l d  19*2g* ( 7 2 / ) •  
The p r o d u c t  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  t y p i c a l  o f  
e n o l i e a h l a  ^ 3 - k e t o ~ a s t e r ,  a t  1733 c n u 1 ( c a r b o m e t h o x y l ) * 
1710 cmT1 ( c y c l o h e x a n o n e ) ,  1655  e n u 1 ( c o n j u g a t e d  e s t e r  o f  
e n d  f o r a )  an d  1614 cm*1 ( o l e f i n i c  d o u b l e  b on d  o f  e n o l  
f o r m ) ,  and  a l s o  showed an  u l t r a - v i o l e t  maximum a t  
&58®ja t e l i l  ) i t  a t  234m/* {£5*6$0} i n  e t h a n o l  c o n t a i n i n g  
1 I n  sodium h y d r o x i d e ,  a l s o  t y p i c a l  o f  a n  e n o l i s a b l e  
T e t o - e a t e r *
5 - B e t h y I b l o y .ol.o b i . 3 «Q n q n a n - a - o.;
( XXXIIt RgHj
The d . i g 'c H le d  Dleotanarm p r o d u c t  ( 1 9 . S g . )  was 
r p f l u x x e d  w i t h  6N h y d r o c h l o r i c  a c i d  (100 m l . )  f o r  6 h r s .  
The c o o l e d  s o l u t i o n  was s a t u r a t e d  w i t h  ammonium s u l p h a t e  
and e x t r a c t e d  w i t h  o t h e r  (3 X 100 m l*)*  The combined 
e t h e r  e x t r a c t s  w ere  washed w i t h  s a t u r a t e d  sod ium  
c a r b o n a t e  n o l i t i o n  and t h e  com bined  a l k a l i n e  e x t r a c t s ,  
a f t e r  c a r e f u l  a c i d i f i c a t i o n  w i t h  s u l p h u r i c  a c i d ,  
w e re  s a t u r a t e d ,  w i t h  ammonium s u l p h a t e  and e x t r a c t e d  w i t h  
e t h e r  (3  x 150  ml*)* The combined  e t h e r  e x t r a c t s  w e re  
w ashed  t h o r o u g h l y  w i t h  s a t u r a t e d  ammonium s u l p h a t e  
s o l u t i o n  r>nd d r i e d  ~.ver magnesium s u l p h a t e *  The s o l v e n t  
was removed by e v a p o r a t i o n  from a  l a r g e  P e t r i  d i s h ,  
a f f o r d * n g  a  t h i c k  p a l e  y e l l o w  o i l  ( l 6 * 5 g * )  w h ic h  on 
t r i t u r a t i o n  w i t h  e t h e r  and l i g h t  p e t r o l e u m  (b*p* 6 0 - 8 0 ° )  
a f f o r d e d  a  c r y s t a l l i n e  a c i d  m*p* 1 0 3 - 1 1 2 °  (6 g * )  and 
e t h e r - l i g h t  p e t r o l e u m  s o l u b l e  m a t e r i a l  (10*5g«)*  
C r y s t a l l i s a t i o n  from e t h y l  a c e t a t e  a f f o r d e d  t h e  k e t Q - a c l d  
(XXXII; Hsii) a s  c o l o u r l e s s  p r i s m s  m*p* 1 2 7 -1 2 9°*
(Found!  C, o7*4» Hf 8*1* C n % 6 ° 3  r e c u i r e s  0 ,  67*3 ;
H, 3*2/ )* The p r o d u c t  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  
a t  1723 cmT1 ( c a r b o x y l i c  a c i d  d i m e r )  and  1690  cm*3* ( c y c l o -  
h e x a n o n e  h y d r o g e n  b o n d e d  by c a r b o x y l i c  a c i d ) ,  and  i n  
c a r b o n  t e t r a c h l o r i d e  (5*0  mm. c e i l s )  a t  1748 cm*1 
( c a r b o x y l i c  a c i d  monomer) and  a t  1705  em ?l  ( c y c l o h e x a n o n e  
and c a r b o x y l i c  a c i d  d i m e r ) *
e t h y l  5 - .® e t h y I b l c y o l o 1̂ 3 ij t l l  n o n a n - 3 -
A • o l u t t o n  .-f S - ^ e t h y l b i c y c l o f J ^ s l ]  n o n a n ^ - o n e - l * -  
c ' r b o x y l l c  a c i d  {0*3 g * )  i n j s t h e r  (1 0  m l * ) was  t r e a t e d  
w i t h  a  s l i g h t  e x c e s s  o f  a  d r y  e t h e r e a l  s o l u t i o n  f  
d i& z o m eth an e  and a l lo w e d  t o  s t a n d  a t  room t e m p e r a t u r e  
f o r  2 h r s *  A f t e r  d e c o m p o s i t i o n  o f  e x c e s s  diezometh&n© 
w i t h  a c e t i c  a c i d ,  t h e  e t a e r e a i  s o l u t i o n  was washed  
w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n ,  w a t e r  an d  
d r i e d  o v e r  magnesium s u l p h a t e *  . v a p o r a t i o n  o f  s o l v e n t  
e f f  r d e d  a D a l e  y e l l o w  o i l ,  w h ich  on d i s t i l l a t i o n  
o f f  r d e d  t h e  k r t o - e s t e r  a s  e c o l o u r l e s s  o i l  b*p* 9Q°/G.G5rm.
G1 2 ^ 1 8 °3  r e hw:*Lr e s  C, 6 8 * 5 5 ;  H, 8*65/-)•  t h e  p r o d u c t
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1733 cm#3* ( c a r b o y e t h o x y  1)
and 1710 cmlT1 ( c y c l o h e x a n o n e )  w i t  1 a d i s t i n c t i v e  b and  
a t  1121 cm!3**
I b e  s e m i c a r b a z o n e  c r y s t a l l i s e d  f rom  a q u e o u s  m e t h a n o l  
a s  r o s e t t e s  o f  f i n e  n e e d l e s  ®*p* 1 9 3 -1 9 4 °  (Pound:  
c ,  5 8 . 4 ;  H, 7 . 7 5 ;  h ,  1 5 . 6 5 . ^ 13^ 21^ 3^3 r e q u i r e s
C, 5 3 . 4 ;  H> 7 . 9 ;  h ,  1 5 . 7 / - ) .
A t t e m p te d  k e t a l  f o r m a t i o n  o f  t a e  . e t o - e s t e r  (.-. - . A l l s  R- e ) .
( a )  A s o l u t i o n  o f  t h e  c  t o - e s t e r  (XXX IXj RrMe) ( 1 4 0 m g . ) 
i n  d ry  b e n z e n e  (50  m l * ) was r e f l u x e d  w i t h  e t h y l e n e  g l y c o l  
(50  m g . )  and  ^ - t o l u e n e s u X p h o n l c  a c i d  (10 mg*} u n d e r  a  
Dean and S t a r k  a  p a r a t u s  f  r  2 h r s .  The c o o l e d  s o l u t i o n
n^5 1 .4 8 3 5 ;  y i e l d  0 .3 2 g *  (31, ) .  (Founds C, 6 8 . 2 ;  H, 8 .6 *
was n e u t r a l i s e d  w i t h  sodium c a r b o n a t e  s o l u t i o n ,  w ashed  
w i t h  w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e *  
e v a p o r a t i o n  o f  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  a n  
o i l  (140  rcg .)  w i t h  an  I n f r a - r e d  a b s o r p t i o n  s p e c t r u m  
I d e n t i c a l  w i t h  t h a t  o f  s t a r t i n g  m a t e r i a l *  R e p e t i t i o n  
of  t h e  r e a c t i o n  on t h e  k e t o - e s t e r  (14> mg*) w i t h  
e t h y l e n e  g l y c o l  (1 0 ) mg*) and n a p h t h a l e n e - 2 - s u l p h o n i c  
a c i d  (5 m g . )  i n  b e n z e n e  (50  m l* )  f o r  12 h o u r s  a f f o r d e d  
no k e t a l *
(b )  A m i x t u r e  o f  t h e  k e t o - e s t e r  (110 mg*) and  e t h y l  
o r t h o f o r  a t e  (133 m g .)  was r e f l u x e d  f o r  3 h r s *  w i t h  
a b s o l u t e  e t h a n o l  (25  m l*)  c o n t a i n i n g  c o n c e n t r a t e d ,  
s u l p h u r i c  a c i d  (55 ®g*)« The c o o l e d  s o l u t i o n  was 
n e u t r a l i s e d  w i t h  s o l i d  sodium c a r b o n a t e  a n d  o o u r e d  I n t o  
w a t e r  (150 m l * ) ,  and e x t r a c t e d  i t h  e t h e r  (2 x 25 m l*)*
The com bined  e t h e r  e x t r a c t s  w ere  washed w i t h  w a t e r  a n d  
d r i e d  o v e r  magnesium s u l p h a t e *  e v a p o r a t i o n  o f  s o l v e n t  
a f f o r d e d  an  o i l  (100  mg*) w i t h  a n  i n f r a - r e d  a b s o r p t i o n  
s p e c t r u m  * d e n t l e a l  w i t h  t h a t  o f  s t a r t i n g  m a t e r i a l *
( c )  e t h y l  e t h y l  k e t o n e  l : 3 - d l o x o l e n e ,  p r e p a r e d  by 
D auben’ s m ethod  (43) , h a d  b*p* 118°*
A s o l u t i o n  o f  k e t c - e s t e r  (65  m g .)  a n d  n a p h t h a l e n e -  
2 - a u l p h o n i c  a c i d  (20  m g .)  i n  m e t h y l  e t h y l  k e t o n e  1 *3 -  
d l o x o l a n e  (2 0  m l . )  was r e f l u x e d  f o r  120 h r s .  At 
t w e l v e - h o u r l y  i n t e r v a l s  0 . 5  ml* p o r t i o n s  o f  t h e  d i s t i l l a t e
w ere  removed* I t  was honed  t o  f a c i l i t a t e  r e a c t i o n  
by p r e f e r e n t i a l  r em o v a l  o f  b u t s n - 2 *on# (b*p* 3 0 ° ) ,
f o rm ed  d u r i n g  t h e  r e a c t i o n *  The c o o l e d  e d i t i o n  was
d i l u t e d  w i t h  b e n z e n e  (50  ml*) and  n e u t r a l i s e d  w i t h  s o l i d
sod ium  c a r b o n a t e *  The b e n z e n e  e x t r a c t  was washed w i t h
w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n
o f  s o l v e n t  by warming u n d e r  r e  u e e d  p r e s s u r e  a f f o r d e d
a n  o i l  (5 0  mg*) w i t h  a n  I n f r a - r e d  s e c t ru m  a l m o s t
I d e n t i c a l  w i t h  t h a t  i f  s t a r t i n g  m a t e r i e l *
r.t temp t e d  r e d u c t i o n  o f  t h e  c a r b o n y l  g ro u p  i n  t h e  s e t o - e s t e r
U X X II i  Hw eJ
( a )  a s o l u t i o n  of  t h e  ’*  t © - e s t e r  (113 mg*) i n  dry 
m e t h a n o l  (25 ml*)  was t r e a t e d  w i t h  sodium b o r o h y d r i d e
(28 mg*) a t  0 °  f o r  1 h r*  A f t e r  r e m o v a l  o f  s o l v e n t  u n d e r  
r e d u c e d  o r e s s u r e ,  w a t e r  (25 m l* ) was ad d ed  an d  t h e  
s o l u t i o n ,  a f t e r  a c i d i f i c a t i o n  w i t h  d i l u t e  s u l p h u r i c  
a c i d ,  e x t r a c t e d  w i t h  e t h e r  (2  x 25 ml*)* The com bined  
e t h e r  e x t r a c t s  w ere  w ash ed  w i t h  w a t e r  and  d r i e d  o v e r  
magnesium s u l p h a t e *  v s p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a n
o i l  (90  mg*) w i t h  a n  I n ' r a - r e d  a b s o r p t i o n  s p e c t r u m  
i d e n t i c a l  t o  t h a t  o f  s t a r t i n g  m a t e r i a l #
( b )  A s o l u t i o n  o f  t h e  k e t o - e s t e r  (300  m g . ) i n  m e t h a n o l  
(20  ml*} was t r e a t e d  w i t h  a  s o l u t i o n  o f  so d iu m  b o r o h y d r i d e  
(3 0 0  mg*) i n  w a t e r  ( 1 / m l * ) a n d  t h e  m i x t u r e  a l l o w e d  t o  
s t a n d  a t  room t e m p e r a t u r e  f o r  10  h r s *  The m i x t u r e ,  a f t e r
a c i d i f i c a t i o n  w i t h  d i l u t e  s u l p h u r i c  a c i d  was d i l u t e d  
w i t h  wr t e r  (100 m l . ) ,  s a t u r a t e d  w i t h  ammonium s u l p h a t e  
a r d  e x t r a c t e d  w i t h  e t h e r  (3 x 25 m l . ) .  The com bined  
e t h e r  e x t r a c t s  w ere  washed w i t h  s a t u r a t e d  a monium 
s u l p h a t e  s o l u t i o n  a n d  d r i e d  o v e r  magnesium s l p h a t e *  
e v a p o r a t i o n  of  s o l v e n t  a f f o r d e d  t h e  h y d r o x y - e s t e r  a s  
a t h i c k  o i l  (225  m g.)  w i t h  an  i n f r a - r e d  a b s o r p t i o n  b a n d  
a t  1735 am#1 I c a r b o m e t h o x y l )  and  b a n d s  a t  35>0 and  
1-345 o® .1 ( s e c o n d a r y  h y d r o x y l )  w i t h  d i s a p p e a r a n c e  o f  t h e  
a b s o r p t i o n  a t  171 emT3, ( c y c l o h e x a n o n e ) •
A s o l u t i o n  o f  t h e  c r u d e  h y d r o c y - e s t e r  (225  m g .)  I n  
a o r t i c  a n h y d r i d e  (15  ml#)  was warmed on a ©team b a t h  f o r  
2 h ra #  w i t h  dim? p y r i d i n e  (5  m l . )  t h e n  a l l o w e d  t o  s t a n d  
a t  room t e m p e r a t u r e  o v e r n i g h t .  E v a p o r a t i o n  o f  r e a g e n t s  
u n d e r  r e d u c e d  r e s e u r e  a f f o r d e d  t h e  e s t e r - a c e t a t e  a s  a  
n o n - c r v s t a l l i s P b l e  o i l  (230  m g .)  w i t h  i n f r a - r e d  
a b s o r p t i o n  a t  1 7 3 °  cml* ( a c e t a t e  and  e a r b o ® e t h o x y 1 ) and  
a t  1220 c^T 3* ( a c e t a t e )  w i t h  d i s a p p e a r a n c e  o f  t h e  
a b s o r p t i o n  a t  3500 cm#3- ( h y d r o x y l ) .
5 -  e t t i y l b l c v o l o E ? O »fl  n ; n « n - j - o r , p - l - c p r b o ? g i l c  e o I d  
c h l o r i d e  (L <XV) * *
A s o l u t i o n  o f  t h e  k e t o - a c l d  (XXXII; R e a ) ( 2 . 9 5 g # ) 
i n  d r y  b e n z e n e  (25 m l . )  was t r e a t e d  w i t h  o x a l y l  c h l o r i d e  
(5  m l . )  and th©  s o l u t i o n  a l l o w e d  t o  s t a n d  o v e r n i g h t  a t  
room t e m p e r a t u r e *  v a p o ra tio n  o f  s o l v e n t  a n d  reagent
u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  t h e  a c i d  c h l o r i d e  a s  
p. p a l e  y e l l o w  o i l  which  d i s t i l l e d  eg a c o l o u r l e s s  o i l
b . p .  88° / 0 , 04 mm., n2 a  1 .5 0 8 2 ;  y i e l d  2 .7 0  g .  ( 8 4 $ ) .
0
(Founds j ,  61 .851  H, 7 .1 5 »  C l ,  1 6 . 2 5 .  c n Hl 5 ° 2 G1 
r e q u i r e s  0 ,  6 1 .5 5 *  H, 7*0 ;  C l ,  16*5/ )•  The p r o d u c t  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1790 cm!3* ( C a r b o x y l i c  
a c i d  c h l o r i d e )  pnd a t  1710  c a r 3- (ayc lo h e x a n o n e ) #
JT' *-  l;* s t i l l  t l o n  o f  a c i d  c r i l o r l d e  m u s t  b e  e f f e c t e d
a t  p r e s s u r e s  o f  0#2msu o t h e r w i s e  p y r o l y t i c  d e c o m p o s i t i o n  
o c o u rs *  A g a in  t h i o n y l  c h l o r i d e  s h o u l d  n o t  b e  u s e d  i n  
l ? e e  o f  o x a l y l  c h l o r i d e  a s  t h e  y i e l d  o f  a c i d  c h l o r i d e  
I s  60/  and  p r o d u c t  I s  n o t  so  p u r e .
5- e ta y lb lcy o lo ta O ifl  no.nr.ne-1-oarbosyllp a d d  (LXXIV)
A m i x t u r e  o f  t h e  l e t o - a c i d  (XXXII; RsH) (ra*0 * 1 1 2 - 1 1 8 ° )  
(50  m g*) ,  sodium (100 m g . ) ,  e t h a n o l  ( 2 m l . ) ,  and  
h y d r a z i n e  h y d r a t e  ( 0 . 5  m l . )  was p l a c e d  I n  a  s e a l e d  t u b e  
an d  h e a t e d  a t  1 8 5 °  f o r  18 h o u r s*  The c o o l e d  m i x t u r e  
was p o u r e d  i n t o  w a t e r ,  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  
a c i d  and  e x t r a c t e d  w i t h  e t h e r *  The e t h e r  e x t r a c t s  
w e r e  washed w i t h  w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e #  
E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a c r y s t a l l i n e  a c i d  (40  m g.)  
p u r i f i e d  by s u b l i m a t i o n  a s  c o l o u r l e s s  n e e d l e s  m .p .  1 4 1 - 1 4 3 °  
(Found* C, 7 2 . 9 ;  H, 9*7* r e  u i r e s  C, 7 2* 5 ;
H, 9 . 9 e ) .
U t c r p t B .  t o  ? r«?y-r*  t b e  e n e d l o n e  (LXXYIII i
Tsobuten© was p r e p a r e d  a c c o r d i n g  t o  X l s t l a k o w s k y  (50)  
from t - b u t a n o l  and c o n c e n t r a t e d  s u l n h u r l c  a c i d  and  
p u r i f i e d  by a s s i n g  t h e  g a s  t h r o u g h  ( a )  w a t e r  and  (b )  a 
t o w e r  o f  p o t a s s i u m  h y d r o x i d e  p e l l e t s  b e f o r e  l i q u i f i c a t i o n  
by c o o l i n g *  fh© l i q u i d  o l e f i n  was a l l o w e d  t o  e v a p o r a t e  
a n d  p a s s e d  i n t o  t h e  r e a c t i o n  v e s s e l  i n  g a s e o u s  form*
( i )  I s o b u t e n e  was - a s s e d  f o r  0*25 h r*  t h r o u g h  a 
s o l u t i o n  o f  t h e  a c i d  c h l o r i d e  (LXXV) (180 mg*) i n  p u r e ,  
e t h a n o l - f r e e ,  m e t h y l e n e  c h l o r i d e  (40  ml*)* Pow dered  
a lu m in iu m  c h l o r i d e  (180  r a g * )  was add ed  and  t h e  m i x t u r e  
s t a r r e d  a t  3 °  f o r  2 h r  a* w i t h  a  c o n s t a n t  f lo w  o f  
i so b u ten c ;  b u b b l i n g  u n d e r  t h e  l i q u i d  s u r f a c e *  The 
f i x t u r e ,  c o n t a i n i n g  a b l a c k  o i l y  a lu m in iu m  c h l o r i d e  
co m p lex ,  was decom posed  by p o u r i n g  i n t o  d i l u t e  
h y d r o c h l o r i c  a c i d  and  t h e  s o l u t i o n  p x t r a e t e d  w i t h  
m e t h y l e n e  c h l o r i d e . (2  x 25  ml*)*  The com bined
t h y l e n e - o h l o r i d e  e x t r a c t s  w e re  w ashed  w i t h  w a t e r  and 
d r i e d  o v e r  magnesium s u l p h a t e *  e v a p o r a t i o n  o f  s o l v e n t  
a f f o r d e d  an  o i l  (653 mg*) w h ich  was m o s t ly  p o l y m e r i s e d  
i s o b u t e n e *  The r e l a t i v e  i n t e n s i t i e s  o f  t h e  b a n d s  a t  
1790  cm?1 ( a c i d  c h l o r i d e )  and  171 0  cm?1 (o y c lo h e x a n o n © )  
i n  t h e  i n f r a - r e d  s p e c t r u m  of  t h e  p r o d u c t  w e re  i d e n t i c a l  
t o  t h o s e  i n  t h e  s t a r t i n g  m a t e r i a l *
I t  was fo u nd  t h a t  a  s o l u t i o n  o f  t h e  a c i d  c h l o r i d e  
(LXXV) was u n a f f e c t e d  when s h a k e n  w i t h  s a t u r a t e d  so d iu m
c a r b o n a t e  s o l u t i o n ,  and  t h a t  h y d r o l y s i s  o f  t h e  a c i d  
c h l o r i d e  w i t h  warm d i l u t e  sodium h y d r o x i d e  was r e q u i r e d  
f o r  c o n v e r s i o n  t o  t h e  r e t o - a c l d  (XXXLL; R sB ) .
( i i )  J h lo ro fo rm  (45  ml*)  was s a t u r a t e d  w i t h  I s o b u t e n e  
r t  0 °  d u r i n g  3*5 hr**  Powdered  a lu m in iu m  c h l o r i d e  (150rsg) 
a d d e d ,  f o l l o w e d  by a s o l u t i o n  o f  t h e  a c i d  c h l o r i d e  (LXXV) 
(215  mg*) i n  c h l o r o f o r m  {25 m l# )  and  t h e  s o l u t i o n  s t i r r e d  
r t  0 °  f o r  2 h r s *  w i t h  i s o b u t e n e  p a s s i n g  i n ,  t h e n  s t i r r e d  
f o r  a  f u r t h e r  12 h r s *  a t  room t e m p e r a t u r e *  The c l e a r  
s o l u t i o n  was pour*»d on t o  c r u s h e d  i c e  (5 0  g * ) ,  a c i d i f i e d  
w i t h  d i l u t e h r d r o o h l o r l c  a c i d  and e x t r a c t e d  w i t h  
c h l o r o f o r m  (2 x 25  m l*)*  The com bined  c h l o r o f o r m  
e x t r a c t s  w e re  washed w i t h  w a t e r  end  d r i e d  o v e r  magnesium 
s u l o h a t e *  E v a p o r a t i o n  of s o l v e n t  a f f o r d e d  a c o l o u r l e s s  
o i l  (690  mg*) w h ich  c o n t a i n e d  l a r g e  am ounts  o f  
p o l y m e r i s e d  l s o b u t e n e .  The p r o d u c t  e x h i b i t e d  i n f r a - r e d  
a b s o r p t i o n  a t  1710 err?1 ( o y c l o h e x a n o n e )  an d  1790  cm?1 
( a c i d  c n l o r i d e ) ,  t h e  r e l a t i v e  i n t e n s i t i e s  b e i n g  a l m o s t  
i d e n t i c a l  t o  t h o s e  I n  t h e  s t a r t i n g  m a t e r i a l *
The c r u d e  p r o d u c t  (690 m g . ) was r e f l u x e d  f o r  1 h r*  
w’ t h  c o l l i d i n e  (43 m l*)*  The c o o l e d  s o l u t i o n  was p o u r e d  
I n t o  w a t e r  (130  m l . ) ,  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  
a c i d  a n d  e x t r a c t e d  w i t h  e t h e r  (2 x 4 -  m l * ) .  The 
com bined  e t h e r  e x t r a c t s  w e re  w ash e d  w i t h  w a t e r  a n d  d r i e d
o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  
a f f o r d e d  an o i l  from w h ich  t h e  i s o b u t e n e  p o l y m e r  
was removed by p a r t i t i o n  b e tw e e n  l i g h t  p e t r o l e u m  and 
m e t h a n o l  c o n t a i n i n g  1/ w a te r*  The m e t h a n o l  e x t r a c t  
a f f o r d e d  an  o i l  (80 mg*),  w h lca  g a v e  a p o s i t i v e  2 « 4 -  
d i n i t r o p h e n y l h y d r a z o n ©  t e s t  and  h a d  an  u l t r a - v i o l e t  
maximum a t  243m^i ( S I ,  1 0 0 ) ,  e q u i v a l e n t  t o  9$ © ned ione  
(LXXVIII)  c h a r a c t e r *  ( s e e  l a t e r ) *
The c r i d e  o r o d u c t  (30  mg*) was r e f l u x e d  f o r  1 h r*  
w i t h  6 h y d r o c h l o r i c  a c i d  (15 ml*)*  The c o o l e d  s o l u t i o n  
was s a t u r a t e d  w i t h  ammonium s u l p h a t e  and  e x t r a c t e d  w i t h  
e t h e r  (2 x 25 ml* )• The p r o d u c t  was s© pared  i n t o  
a c i d i c  and  n e u t r a l  f r a c t i o n s  by e x t r a c t i o n  o f  t h e  
com bined  e t h e r  e x t r a c t s  w i t h  s a t u r a t e d  so d iu m  c a r b o n a t e  
s o l u t i o n *  Toe a c i d i c  f r a c t i o n  (20 mg*) was shown t o  b e  
t h e  k e t o - s o l d  ( XXXIII H a l ) f rom t h e  I n f r a - r e d  s p e c t r u m  
and  c o n v e r s i o n  t o  t h e  c o r r e s p o n d i n g  e s t e r  (XXX3&; R5 .e)  
w i t h  d l a z o m e th a n e *  The n e u t r a l  f r a c t i o n  (2 mg*) was 
shown t o  b e  t h e  d i o n e  (LXXXI7) f rom  t h e  i n f r a - r e d  
a b s o r p t i o n  sp e c t ru m *
( i l l )  A s o l u t i o n  o f  t h e  k e t a - a c i d  (XXXXX; Rwh) (207  m g . )  
I n  m e t h y l e n e  c h l o r i d e  (50  ml*) was s a t u r a t e d  w i t h  
i s o b u t e n e  a t  0 °  o v e r  0*5 h r .  and  & s o l u t i o n  o f  
t r i f l u o r a e e t l c  a n h y d r i d e  (390 m g .)  I n  m e t h y l e n e  c h l o r i d e
(5  ml*)  added# I s o b u t e n e  was p a s s e d  i n t o  t i e  
r e a c t i o n  v e s s e l  f  r  2 hr@* a t  0 ° ,  t h e n  t h e  s o l u t i o n  
a l l o w e d  t o  s t a n d  o v e r n i g h t  a t  room t e m p e r a t u r e *  The 
c o l o u r l e s s  s o l u t i o n  was p o u r e d  on t o  i c e  (2  0  g * ) and  
w a t e r  (50 ml*)#  The m e t h y l e n e  c h l o r i d e  l a y e r  was 
e x t r a c t e d  t h o r o u g h l y  w i t h  s a t u r a t e d  sod ium  b i c a r b o n a t e  
s o l u t i o n ,  w ashed  w i t h  w a t e r  a n d  d r i e d  o v e r  magnesium 
s u l p h a t e #  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a n  o i l  (75  m g . ) ,  
c o n t a i n i n g  m o s t l y  I s o b u t e n e  p o ly m e r ;  t h e  i n f r a - r e d  
r b s o r  t i o n  s p e c t r u m  i n d i c a t i n g  o n l y s m a l l  am oun ts  o f  
c a r b o n y l  compounds ,  w h ic h  showed no a b s o r p t i o n  i n  t h e  
u l t r a - v i o l e t *
i\ - n  ■ t  r o g o  1 s obu tv  l a  r e  t h a n e  was p r e p a r e d  a c c o r d i n g  t o  t  e
m ethod  o f  Cook, R a p h a e l  and  E c o t t  ( 5 2 ) .  X sobu ty lam in©
was c o n d e n se d  w i t h  e t h y l  c l o r o f o r m a t e  i n  t h e  p r e s e n c e
o f  sodium h y d r o x i d e  a f f  r&Ing i s o b u t y l u r e t h a n e  a s  a
c o l o u r l e s s  o i l  b . p .  5 2 ° / 0 . 3mm., n2 5 1 .4 2 6 0  i n  95a- y i e l d ;D
an d  t h e  u r e t h a n e  n i t r o s a t e d  a t  10°  w i t h  s o d i u m n i t r i t e  and 
d i l u t e  n i t r i c  a c id #
0 l a z o i s o b u t a n e * A s o l u t i o n  o f  l i - n i t r o s o  I s o b u t y  l u r e  than©  
(17*5  g * ) i n  e t h e r  (50 m l . )  was ad d ed  o v e r  5 m in e ,  t o  a  
m i x t u r e  o f  p o t a s s i u m  h y d r o x i d e  (13  g . ) ,  n - p r o p a n o l  (5 0  m l . )  
and  e t h e r  (50  ml*)  i n  a  w a t e r  b a t h  a t  50°* The o r a n g e  
d i a z o l s o b u t a n e  wag c o - d i s t i l l e d  w i t h  e t h e r  a n d  c o l l e c t e d  
b e lo w  t h e  s u r f a c e  o f  i c e - c o o l e d  e t h e r  u n t i l  t h e  d i s t i l l a t e
was c o l o u r l e s s ,  (5d0 ml* d i s t i l l a t e )  (5 3 ) •
S t a n d a r d i s a t i o n  (53)  a g a i n s t  b e n z o i c  a c i d  showed
«*» -
1 - j C  r l .  e t h e r  s o l u t i o n  t o  c o n t a i n  2 . 7 5  x 10 ^  e q u i v a l e n t s  
o f  d i a z o i a o b u t a n e *  T h a t  d i a z o I s o b u t o n e  h a d  i n d e e d  b e a n  
f o r c e d  was d e m o n s t r a t e d  by t h e  sm oo th  c o n v e r s i o n  o f  
3 * 5 - d i n i t r o b e n z o i c  a c i d ,  on n e u t r a l i s a t i o n  w i t h  t h e  
e t h e r e a l  a l o t i o n ,  t o  1o o b u t y l  a l c o h o l  3 1 5- d l n i t r o b e n z o a t e  
i s o l a t e d  from 11 h t  p e t r o l e u m  a s  c o l o u r l e s s  n e e d l e s  
m*p* 8 6 - 8 7 °  ( L i t *  m.p* 8 7 ° )*
t t e m p t e d  c o n d e n s a t i o n  o f  a c i d  c h l o r i d e  (LXXV) w i t h
d"t a z  o 1 soou  t  a n e
A s o l u t i o n  o f  t h e  a c i d  c h l o r i d e  (2 5 0  mg*) i n  d ry
e t h e r  (25 m l*)  was a d d e d  s l o w l y  w i t h  s w i r l i n g  t o  f i v e
e q u i v a l e n t s  of s s o d i u m - d r i e d  e t h e r e a l  s o l u t i o n  o f
d i a z o i s o b u t a n e  and  t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  a t  0 °
f o r  14 h ra*  E v a p o r a t i o n  o f  s o l v e n t  a t  room t e m p e r a t u r e
u n d e r  r e d u c e d  p r e s s u r e  (20 mm*) a f f o r d e d  a. y e l l o w  o i l
w h ic h  © noeared  t o  decom pose  on c o n t i n u e d  e v a c u a t i o n *
The ' r o d u c t  e x h i b i t e d  I n f r a - r e d  a b s o r p t i o n  a t  1710  om*l
( c y c l o h e x a n o n e )  w i t h  medium b a n d s  a t  1790 cm?-*- ( a c i d
c h l o r i d e ) ,  20 7 0 ,  1650 a n d  1625  cm?-*- ( d i e z o ic e t o n e ) *
Dry h y d r o g e n  c h l o r i d e  was massed t h r o u g h  a s o l u t i o n
o f  t h e  o i l  i n  d ry  e t h e r  (25 ml*)  f o r  0*5 hr*  a t  0 °*  The
d e c o l o r i s e d  e t h e r e a l  s o l u t i o n  was w ashed  t h o r o u g h l y  w i t h
d i l u t e  sodium b i c a r b o n a t e  s o l u t i o n ,  w a t e r  a n d  d r i e d  o v e r
magnesium s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  th e
° 6- c h i  o ro u*  t o n e  (LXXXII^ (120 mg*) a s  a t h i c k  y e l l o w  o i l *
A s o l u t i o n  o f  t h e  o i l  (12 3 mg*) i n x y l e n e  (50  ml*)  was 
r e f l u x e d  f o r  4 h r s #  w i t h  c o l l i d i n e  (5  m l * ) ,  t h e n  
a l l o w e d  t o  s t a n d  s t  room t e m p e r a t u r e  f o r  12 h r s *  d u r i n g  
which  t im e  c o l l i & l n e - h y & r o c h l o r i d e  was p r e c i p i t a t e d  a s  
c o l o u r l e s s  n e e d l e s *  The s o l u t i o n  was washed w i t h  d i l u t e  
s u l p h u r i c  a c i d ,  w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e *
’v a r> o r p t io n  o f  s o l v e n t  a f f o r d e d  a t h i c k  y e l l o w  o i l  (8 0  mg*)* 
The i n f r a - r e d  s p e c t r u m  o f  t h e  p r o d u c t  was vex^r s i m i l a r  
t o  t h a t  o f  t h e  k e t o - e s t e r  ( XXXII} HsMe) a n d  showed weak 
a b s o r p t i o n  i n  t h e  c o n j u g a t e d  c a r b o n y l  r e g i o n .  The 
u l t  rr - v i o l e t  axlraum a t  2 4 o (£2 ,4 0  J  was e m i v © l e n t  
t o 20; e n e d i o n e  (LXXVIIl)  c h a r a c t e r  i n  t h e  f i n a l  p r o d u c t *  
q o n d e n s a t l o n  o f  t h e  a c i d c h l o r i d e  (LXXV) w i t a d l a z ope t h a n e  
An e t h e r e a l  s o l u t i o n  o f  d i a z o m e t n a n e  (3 2 )  was 
t h o r o u g h l y  d r i e d  o v e r  p o t a s s iu m  h y d r o x i d e  p e l l e t s  an d  
s t a n d a r d i s e d  (5 3 ) (1 ml* e t h e r e a l  s o l u t i o n  c o n t a i n e d  
1 0 -4  rnole d l a z o m e t h s n e ) *
A s o l u t i o n  o f  t h e  a c i d  c h l o r i d e  (511 mg*# 2*5  m*mole) 
i n  d r y  e t h e r  (50  ml*)  was a d d e d  d r o p w t e e  w i t h  s w i r l i n g  t o  
s i x  e q u i v a l e n t s  (150  m l* )  o f  t h e  e t h e r e a l  d l a z o m e t h a n e  
s o l u t i o n  a t  0 °  a n d  a l l o w e d  t o  s t a n d  a t  0°  f o r  6 h r s .
The i n f r a - r e d  s p e c t r u m  o f  an  a l i q u o t  e v a c u a t e d  t o  d r y n e s s  
i n d i c a t e d  t h a t  lainge am oun ts  o f  u n r e a c t e d  a c i d  c h l o r i d e  
r em a in e d *  The s o l u t i o n  was a l l o w e d  t o  warm t o  r  om
t e m p e r a t u r e ,  t r i e t n y l s m l n e  ( 5 m l* )  and a f u r t h e r  
s i x  e q u i v a l e n t s  ( 1 5 - ml*)  o f  t h e  e t h e r e a l  d laz o m e th & n e  
s o l u t i o n  w ere  added  and  t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  
a t  room t e m p e r a t u r e  f o r  10 h r e *  h.vaoor t l  on of  s o l v e n t  
a t  r  om t e m p e r a t u r e  u n d e r  r e d u c e d  o r e s s u r e  a f f o r d e d  a 
y e l l o w  o i l  w n lch  on t r i t u r a t i o n  w i t h  l i g h t  p e t r o l e u m  
f u r n i s h e d  t h e  d i a z o k e t o n r  (LXXXXII) a s  a  p a l e  y e l l o w  
s o l i d  m*p* 6 c -  $°  ( d e c * ) ;  y i e l d  162 mg* ( 2 9 * 5 / ) *  The 
p r o d u c t  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  2 1 0 0  cm?l 
($S f t ) , 1708 cm?l ( c y c l o h c x a n o n © ) , 1625  cm?l ( d l a z o k e t o n e ) ,  
3070  and 1375  cm«l (C-H v i b r a t i o n s  i n  d i e  z ok e  t o n e )  ••
i -.uSgtxi.-:5 - ' :.gVBy.it>121510 f o i l ; .  AsP .̂r.szlzin1?.... L,
a o l u t l o n  o f  t  : e d i a z o k e t o n e  (LXXXZI I )  (160 mg• )
i n  c h l o r o f o r m  {20 ml*)  was sh a k e n  f o r  5 mlns* \ s l t h  35$
h y d r o i o d i c  a c i d  a l u t l o n  ( 5 5 )* f t e r  e v o l u t i o n  o f
n i t r o g e n  h a d  c e a s e d  t h e  c h l o r o f o r m  s o l u t i o n  was washed
w i t h  w a t e r  (2 x 10 m l* ) ,  d i l u t e  sodium t h i o s u l p h a t e
s o l u t i o n  (2 x 15 m l * ) ,  w a t e r  (2 x U  m l * ) ,  and  d r i e d  o v e r
m agnesium s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d
t h e  d i o n e  (LXXXIV) a s  a c o l o u r l e s s  o i l ;  y i e l d  1 4 Q rag* (9 9 ^ )*
& s a m p le  hod b * o .  5 0 ° / 0 *QX rnm* „ $ 53 1*4951 (Found i
P
C, 74*65;  ftt 9*35* ° 12H1 8 °2  s q u i r e s  C, 74*2$ 11,9*35/-)*
The p r o d u c t  g a v e  a p o s i t i v e  i o d o f o r m  t e s t  (56)*  h r a d y ’ s 
r e a g e n t  (57)  a f f o r d e d  t h e  b i g - 2 t4 - d l n i t r o o h e n v l h y d r « g o n *  
a s  a y e l l o w  now der  which  on r e p e a t e d  c r y s t a l l i s a t i o n  f ro m
oh 1 o r  o f  o rm -m e th a n o l  c r y s t a l l i s e d  a s  y e  low n e e d l e s  
m .p .  3 4 8 - 3 5 0 ° .  (pound!  M, 1 9 . 7 .  c 2 4 ii2 6 ° 8 K8
r e q u i r e s  N, 2 0 * 2 0 , . ) ,  Toe p r o d u c t  e x h i b i t e d  a n  
u l t r a - v i o l e t  maximum ( I n  c h l o r o f o r m )  a t  366m̂ x ( £ 4 3 , 1 0 ) *  
T g o b u t —1 - - n y l  c h l o r i d e  wa s  p r e p a r e d  by a m o d i f i c a t i o n  
o f  t h e  method of  B raude  a n d  C o l e s  (60)*
© d i s t i l l e d  i 8 o b u t y r a l d e h y d e  (16u g * ) was a d d e d  
d r o p w l e e  o v e r  1 h r*  a t  0 °  t o  powdered  p h o s p h o r u s
p e n t s c n l o r i d e  (4.75s * )  an d  t h e  m i x t u r e  s t i r r e d  a t  0 °
f o r  6 hr©*, s d f o r  a  f u r t h e r  12 h r  s .  a t  room t e m p e r a t u r e *
The m i x t u r e  was decomposed by p o u r i n g  on t o  c r u s h e d
i c ' '  (1 kg*)  and e x t r a c t e d  w i t h  e t h e r  (4 x 250  ml*)  *
The combined e t h e r  e x t r a c t s  w e re  washed  w i t h  w a t e r  (6x100ml) 
and  d r i e d  o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  f o  
s o l v e n t  a f f o r d e d  a m o b i l e  r e d  o i l  (156 g * ) w h ic h  f u r n i s h e d  
i s o b u t y l i d e n e  d l o h l o r i d e  ©s © p a l e  y e l l o w  o i l  (79  g * ) *  
b*p* 7 8 -1 2 6 °*  The c r u d e  d i c h l o r i d e  (79 g * ) was a d d e d  
d r o p w - s e  o v e r  1 hr*  t o  e s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e  
(38  g * )  i n  e t h y l e n e  g l y c o l  (200  m l . /  a t  1 2 0 °  a n i  t h e  
m i x t u r e  s t i r r e d  f o r  5 h r s *  a t  1 2 0 ° ,  The p r o d u c t ,  
o b t a i n e d  by «1 ow d i s t i l l a t i o n  from t h e  r e a c t i o n  v e s s e l ,  
was f r a c t i o n a t e d  from © l i t t l e  sod ium  a s  a  c o l o u r l e s s
o i l  b .p *  6 6 - 7 4 ° .  The p r o d u c t  e x h i b i t e d  i n f r a - r e d  
a b s o r p t i o n  a t  2795 and  1730  cm?I a t t r i b u t e d  t o  
i s o b u t v r a l d e h y d e ,  which, was rem oved  by s t o k i n g  f o r  1 h r*
w i t h  s a t u r a t e d  sodium b i s u l p h i t e  s o l u t i o n *  A f t e r  
f i l t r a t i o n  t h e  o i l y  l a y e r  was s e p a r a t e d  and  d r i e d  o v e r  
magnesium s u l p h a t e *  f r a c t i o n a t i o n  a f f o r d e d  i s o b u t -  
1 - e n y l c h l o r i d e  a s , a  c o l o u r l e s s  o i l  1*4170  ( L i t *  (60 )  
n*°  1 . 4 2 2 4 ) ;  y i e l d  9g.  ( 4 . 5 ) .  
t t ^ P t e d  p r e p a r a t i o n  o f  l i t h i u m  i g o b u t e n y l  (58 )
s o l u t i o n  o f  i a o b u t e n y l  c h l o r i d e  (1*35  g * )  i n  d r y  
e t h e r  (1 o m l * ) was p l a c e d  i n  a  d r y  250  ml* t h r e e - n e c k e d  
f l a s k  e q u ip p e d  w i t h  a  m ercu ry  s e a l e d  s t i r r e r  a n d  a 
d o u b l e - s u r f a c e  c o l l  c o n d e n s e r  u n d e r  an  a t m o s p h e r e  o f  
n i t r o g e n *  L i th iu m  (250  mg*) was c a r e f u l l y  s c r a p e d  
f r e e  o f  o x i d e  f i l m  u n d e r  d ry  e t h e r  t h e n  c u t  i n t o  s ? a l l  
placer* I n  a stream o f  n i t r o g e n  and  d r o p p e d  i m m e d i a t e l y  
i n t o  t h e  r e a c t i o n  f l a s k  s u c h  t n a t  t h e  s h i n y  m e t a l  
s u r f a c e  was s t i l l  exposed*  The m i x t u r e  was t h e n  g e n t l y  
r e f l u x e d  w i t h  s t i r r i n g  f o r  20 h r s *  m e  c o o l e d  e t h e r e a l  
s o l u t i o n  was f i l t e r e d  t h r o u g h  a f l l t e r - e t i c k  f rom  t h e  
r e s i d u a l  b l a c k  powder  and s t o r e d  a t  0 °  u n d e r  n i t r o g e n *  
S h a k in g  an  a l i q u o t  w i t h  w a t e r  g a v e  no a l k a l i n e  r e a c t i o n ,  
h e n c e ,  c o n t r a r y  t o  B ra u d e  and  C o le s  (53)  l i t h i u m  
i s o b u t e n y l  was n o t  formed* 
t t e m o t e d  e l a b o r a t i o n s  o f  t h e  a c i d  c h l o r i d e  iLXXV)
( a )  1 th  m e t h a l l y l  magnesium c h l o r i d e * A s o l u t i o n  o f  
r e d i s t i l l e d  e e t h a l l y l  c h l o r i d e  ( 9*05  g * ,  0*1 m o le )  i n  
d r y  e t h e r  (35  ml*)  was add ed  d r o p w i s e  o v e r  6 h r s *  t o  a
v i g o r o u s l y  s t i r r e d  m i x t u r e  o f  magnesium t u r n i n g s  
(7*3 g .>  0 . 3  g . a t o m )  end d ry  e t h e r  (100 m l . )  u n d e r  an  
a t m o s p h e r e  o f  n i t r o g e n *  One c r y s t a l  o f  I o d i n e  s u f f i c e d  
t o  i n i t i a t e  t h e  r e a c t i o n ,  and  a f t e r  t h e  r e a g e n t  had  b e e n  
a d d e d ,  t h e  g r e y  com plex  i n  e t h e r  was s t i r r e d  a t  room 
t e m p e r a t u r e  f o r  8 h r s *  The e t h e r e a l  s o l u t i o n  was 
removed from t h e  g r e y  com plex  by f i l t r a t i o n  t h r o u g h  a 
f l l t e r - e t i c k  u n d e r  n i t r o g e n  p r e s s u r e  and  s t o r e d  a t  
room t e ' o e r a t u r e  u n d e r  n ' t r o g e n *  L t a n & a r d l s s t i o n  
a g a i n s t  0 .1K  h y d r o c h l o r i c  a c i d  (6 2 )  showed t h a t  1 m l .  
e t n e r  c o n t a i n e d  3*35 x 1 0 " ^  m ole  o f  m e t h a l l y l  magnesium 
c h l o r i d e .
One e q u i v a l e n t  o f  t n e  C - r lg na rd  s o l u t i o n  ( 1 7 .1  m l . )  
was added  o v e r  1 m ln .  t o  a  s o l u t i o n  o f  t h e  a c i d  c h l o r i d e  
(LXXV) (1*23 &•$ 5*7 m .m ole )  I n  d r y  e t h e r  (50  m l . )  u n d e r  
a n i t r o g e n  a t m o s p h e r e  a t  - 7 0 ° ,  f o l l o w e d  by a n h y d r o u s  
f e r r i c  c h l o r i d e  (10 m g .)  (6 1 )  and  t h e  m i x t u r e  s t i r r e d  a t  
- 7 0 °  f o r  3 u r s .  The m i x t u r e  was p o u r e d  on t o  c r u s h e d  
i c e  a n d  a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  a c i d *  Th© 
e t h e r  l a y e r  was s e p a r a t e d ,  washed  w i t h  d i l u t e  ammonium 
s u l p h a t e  s o l u t i o n  (2 x 50  m l . )  and d r i e d  o v e r  m agnes ium  
s u l p h a t e .  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a n  o i l  ( 1 . 2  g .  
w h ic h  a  p e a r e d  t o  b e  m a in ly  a  m i x t u r e  o f  t h e  t o - a c i d  
(XXXII; Haii) ,  u n r e a c t e d  a c i d  c h l o r i d e  (LXXV) and  
d i m e t h a l l y l  ( 6 3 )  from t h e  i n f r a - r e d  s p e c t r u m .  A c i d i c
m a t e r i a l  was rem ove  by w a s h in g  w i t h  s a t u r a t e d  sod ium  
c a r b o n a t e  s o l u t i o n ,  which  g a v e  600  mg* n e u t r a l  m a t e r i a l  
w h ich  a s p e a r e d  t o  be  m a in ly  a c i d  c h l o r i d e  from t h e  
I n r r e - r o d  s sectrum* The o*X (60 j  mg*} was r e f l u x e d  
f o r  j  o re*  w i t h  d i l u t e  s u l p h u r i c  a c i d  (1 0  ml*)  and 
t h e  c o o l e d  s o l u t i o n  s e p a r a t e d  by s a t u r a t e d  sodium 
o '- rbonat** s o l u t i o n  i n t o  n e u t r a l  and  a c i d i c  f r a c t i o n s *
".he ao lc H c  f r a c t i o n  r o v e d  t o  b e  t h e  k e tQ ~ a o i d  (XXXII;F*u)  
(290  me*),  w h i l s t  t h e  n e u t r a l  f r a c t i o n  (29 0  mg*) a o p e a r e d  
t o  b e  a  m i x t u r e  of  d l m e t h y a l l y l  (6 3 } and. t h e  d i o n e  
(LXXXIV), from t i e  i n f r a - r e d  sp e c t ru m *
- 3 - o n esir®
A s o l u t i o n  o f  t h e  a c i d  c h l o r i d e  (LXXV) (6*0  g # )  i n  
p u r e  d ry  m e t h y l e n e  o n l o r i d e  (19 m l * ) m a  c o o l e d  t o  - i u ° .
u r e  l s o b u t e n e  was p a s s e d  t h r o u g h  a  t o w e r  o f  p o t a s s i u m  
h y d r o x i d e  p e l l e t s , c o n d e n s e d  by c o o l i n g  t o  - 1 0 ° ,  and a  
l a r g e  e x c e s s  (oa* 25 m l* )  d i s s o l v e d  i n  t h e  r e a c t i o n  
m ix t u r e *  F r e s h l y  d i s t i l l e d  s t a n n i c  c h l o r i d e  (o r*  I g . ) 
was a d d e d  t h r o u g h  a c a p i l l a r y  d r o p p e r  a n d  t h e  f l a s k  
I m m e d ia t e l y  s t o p p e r e d  and  a lowed t o  s t a n d  a t  - 5 °  f o r  
42  h r s *  w i t h  o c c a s i o n a l  s h a k in g *  $he s o l u t i o n  wee 
p o u r e d  i n t o  w a t e r  (100 ml«) and  a c i d i f i e d  w i t h  10/. 
h y d r o c h l o r i c  a c i d *  The m e t h y l e n e  c h l o r i d e  l a y e r  wag 
s e p a r a t e d ,  washed w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  
s o l u t i o n ,  w a t e r  and  d r l ^ d  o v e r  magnesium s u l p h a t e *
5 -  fft ' 1 - 1 -  nonp
Kvr " 'o r a t i o n  o f  s o l v e n t  a f f o r d e d  an  o i l ,  t h e
i n f r a - r e  a e c t ru ra  o f  w h ich  e x h i b i t e d  a  bend a t  1790 cml*
c o r r e s p o n d i n g  t o  u n r e a c t e d  a c i d  c h l o r i d e  (LXXV) (ca* 30/.)
A s o l u t i o n  of  t h ^  o i l  i n  m e t h y l e n e  c h l o r i d e  (150 ml*) 
was a g a i n  t r e a t e d  w i t h  i s o b u t a n e  (ca* 25  ml*)  and  
s t a n n i c  c h l o r i d e  (ca* 1 g * )  and a l l o w e d  t o  s t a n d  a t  ^ 5°  
f o r  72 o r e * ,  t h e n  worked up a s  b e f o r e *  The p r o d u c t  (33g * )  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1719  cm?! ( c y c l o h e x a n o n e  
enc -ch lo ro i>e  t o n e ) , w i t h  a  weak band  a t  1799 ctn*i 
( a c i d  c h l o r i d e )  and b a nd s  a t  174-  oml1 ( c a r b o  J j - b u t o x y )  
an d  1659 cmT** A s o l u t i o n  o f  t h e  o i l  i n  l i g h t  
p e t r o l e u m  was c h r o m a to g r a p h e d  on a  s h o r t  co lum n o f  
a l u m i n a  (G rad e  I ) (90 g r ) *  S l u t i o n  w i t h  l i g h t  p e t r o l e u m  
(3 0 0  m l . )  a f f o r d e d  m a i n l y  p o l y m e r i c  i s o b u t e n e  t o g e t h e r  
w i t h  s m a l l  am o u n ts  o f  t h e y ^ - c a l o r o  r e t o n e  (LXXX)* l u t i o n  
w i t h  e t h e r  (3  0 ml*) f u r n i s h e d  t h e  im p u re  ©ne&ione as; a  
p a l e  y e l l o w  o i l  (3*43 6 *)* F u r t h e r  e l u t i o n  w i t h  e t h e r  
a f f o r d e d  no u s e f u l  m a t e r i a l *  The l i g h t  p e t r o l e u m  
d u a t e  ( ab o v e )  was f i l t e r e d ,  t ia ro u gh  a lu m i n a  (G rad e  l )  (1 0 0  g )  
l u t i o n  wit.a l i g h t  p e t r o l e u m  ( 3GQ ml*)  a f f o r d e d  a c o m plex  
m i x t u r e  o f  p o l y m e r i c  i s o b u t e n e s ,  w h i l s t  f u r t h e r  e l u t i o n  
w i t h  e t a e r  (300  ml*)  a f f o r d e d  more c r u d e  © n ed io ne  a s  a  
p a l e  y e l l o w  o i l  (1*04 g#}* E l a t i o n  o f  t h e  f i r s t  a l u m i n a  
co lum n w i t h  c h l o r o f o r m  (300  m l . )  a f t e r  72 h r e *  f u r n i s h e d  
a p a l e  y e l l o w  o i l  (0*45 g * ) w h ic h  was e .own t o  b e  i d e n t i c a l
with t h e  d i o n e  (LXXXIV), p r e p a r e d  by h y d r o g e n  i o d i d e  
t r e a t m e n t  o f  t h e  d i a a o k e t o n ©  (LXXXIII) ,  f rom t h e  
c e r a c t e r i s t i c  i n f r a - r e d  s "eotrurn a n d  t o e  b l € - 2 * 4 -  
d i n i t r o o h e n y l h y d r a z o n e  (m#p#; m ixed  m#p* a n d  u l t r a - v i o l e t  
s p a o t r u m ) .  The c r u d e  e n e d i o n e  (4*52 g * j  ( 6 9 d ) )  
e x h i b i t e d  i n f r o - r e d  a b s o r p t i o n  a t  1 7 4 -  c m r l  ( c a r b o j -  
b u t o x y l  o r  e y c l o p e n t a n o n e ) • 1719 c ( c y c l o h e x a n o n e ) ,
1685 cm^l  ( c o n j u g a t e d  k e t o n e )  and  1620 c m l l  ( o l e f i n i c  
d o u b l e  b o n d )  and  a  b an d  a t  1 6 5 -  cm#l A s o l u t i o n  o f  t h e  
e n e d i o n e  (4*52 g * ) i n  b e n z e n e  (20  m l*)  was c h r o m a to g r a p h e d  
on s i l i c a  (225 g . ) ,  and  e a c h  f r a c t i o n  a n a l y s e d  from t h e  
i n f r a - r e d  a b s o r p t i o n  sp ec t ru m *  E l u t i o n  w i t h * -
(5 x 150 m l)  1-  (116 mg*)* T r a c e s  o f  a c i d  
c h l o r i d e  ( XXV) and s l m o l e  e s t e r  i m p u r i t y  (band  a t  1735 cm^) 
1 e t h e r - b e n z e n e  (11 x 150 m l . ) * -  (462 m g#) .  Complex 
m i x t u r e  w i t h  t r a c e s  o f  a c i d  c h l o r i d e  (1790 cm?!)#  xs 
f r a c t i o n s  i n c r e a s e d  t h e  i n t e n s i t y  o f  t h e  bend  a t  165 0  cm?! 
d e c r e a s e d ,  t h e  174^  c m r l  ( c a r b o t - b u t o x y l )  band  i n c r e a s i n g  
w i t h  r e s p e c t  t o  t h e  1710  ( c y c l o h e x a n o n e )  i n t e n s i t y .
1 e t  e r - b e n z e n e  (7  x 150 m l . ) * -  (643  mg#)# L a s t  t r a c e s  
o f  a c i d  c h l o r i d e  and - a t © r i a l  w i t h  band  a t  1650  o m r l  w ere  
removed# The e n e d i o n e  b e g a n  t > be  © lu t e d  a s s o c i a t e d  w i t h  
l a r g e  a m ou n ts  o f t  k e t o - e s t e r  (XXXII; Rs lu^)  (1740cm?1 b a n d )*  
?; e t n e r - b e n z e n e  (22 x 150 m l . ) * -  ( 2 , 6 9 0  m g . ) .  The 
e n e d i o n e  was c o m p l e t e l y  e l u t e d  i n  a s s o c i a t i o n  w i t h  t h e
k e t o - e s t e r  (XXXI2;  RaBu^) t # e . 1740  cmZ^ b a n d  w h ich  
d e c r e - s c d  w ^ th  I n c r e a s i n g  f r a c t i o n s  u n t i l  n e g l i g i b l e  
a t  f r a c t i o n  40#
10# e t h e r - be n z e n e  (9 x 1 5°  » ! • ) * -  (343 mg# ) •  T r a c e s  
o f  e n e d i o n e  a n d  s m a l l  amounts  o f  t h e  d i o n e  {lXXXIV}#
The combined & © t n e r - b e n z e n e  e l u a t e e  w e re  s l o w l y  
f r a c t i o n a t e d  a t  * 1 mm*
( 1 ) b . p .  1 1 0 - 1 1 6 ° ,  n23 1 . 5 1 4 9 .
«  . . .  UT-MOP, % , . U ,
(3 )  b . p .  1 2 0 - 1 2 2 ° ,  n23 1 . 5140 .
U
(4 )  b . p .  122- 130° .  r v p  1 . 5 0 7 0 .
‘ h e  i n f r a - r e d  s p e c t r a  o f  t h e  f r a c t i o n s  I n d i c a t e d  t h a t  
t h e  e n e d i o n e  d i s t i l l e d , f i r s t ,  t h e  h i g h e r  b o i l i n g  k e t o -  
e s t e r  (x : ;X II ;  c o n t a m i n a t i n g  t h e  l a t e r  f r a c t i o n s #
R e f r a c t i o n a t i o n  o f  f r a c t i o n  (1 )  a f f o r d e d  t h e  e n e d i o n e  
(LXXVIII)  a s  b c o l o u r l e s s  o i l  b . p .  1 0 3 ° / o # 0 0 7  mm*, 15165!
y i e l d  p . 13 g r*  ( 3 2 . 5 / ) -  (Found* 0 ,76*65?  H, 9*7 .
13 i r e s  C, 76*9?.  H, 9 .45 /  )* The p r o d u c t
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1710 cm*l ( c y c l o ­
h e x a n o n e ) ,  1685 cm ?l  ( c o n j u g a t e d  k e t o n e )  en d  1620 cmyl 
( o l e f i n l c  d o u b l e  bo n d )  w i t a  an  u l t r a - v i o l e t  maximum a t  
241*7* ( £ 1 2 , JQOj * The b i s  s e m i c a r b a z o n e  c r y s t a l l i s e d  
from r e t h a n o l  a s  c o l o u r l e s s  n e e d l e s  m*p* 2 5 3 - 2 5 4 ° .
( " ou n d t  ft, 24*15* -'1 7 ^28 ^ 2 %  rec û i r e s  ft, 24* 1 5# )*
t em p ted  e y c l l g s . t l o n s  of  t , e  e n e d l o n e  (wPXVXIl)
( a )  s o l u t i o n  of  t h e  c r u & e ^ - o h l o r o k e t o n e  (hAXX)
(350  mg*) c o n t a i n i n g  ea* 10# d i s s o l v e d  p o l y i e o b u t e n e  I n  
m e t h a n o l  (2 ml*)  was warmed on & s te am  b a t h  f o r  2 h r e *  
w i t h  7*5/ h y d r o c h l o r i c  a c i d  (15  m l . ) #  The c o o le d  
s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  (2 x 20  ml*)*
The combined e t h e r  e x t r a c t s  w e re  w ashed  w i t h  s a t u r a t e d  
sodium c a r b o n a t e  s o l u t i o n ,  w a t e r  and  d r i e d  o v e r  magnesium 
s u l o h a t e *  v & p o r r t i o n  o f  s o l v e n t  a f f o r d e d  a  p a l e  
y e l l o w  o i l  (250 mg*), t h e  i n f r a - r e d  s p e c t r u m  o f  w h ich  
i n d i c a t e d  a m i x t u r e  o f  t h e  e r e d i o n e  (1 7 1 0 , 1685 and  
162' cm*3-) and  t  e k o t o - e a t e r  (XXXIIj T aB u t)  (1740 a n d  
1710  on ?1 ) w i t h  on ly  t r a c e s  o f  t h e  a c i d  c l o r i d e  (LXXV) 
ana  t h e  d i o n e  (LXXXIV) by c o m p a r i s o n  of t h e  s p e c t r u m  w i t h  
t h a t  o f  an  a u t h e n t i c  sample*
(h )  The c r u d e  e n e d i o n e  ( 2 5 'J mg*, from e x p t*  ( a ) }  was 
warmed on e s te am  b a t h  f o r  3 a re *  w i t h  6b s u l p h u r i c  
a c i d  (75 ml#) and  t h e  m i x t u r e  a l l o w e d  t o  s t a n d  a t  room 
t e m p e r a t u r e  f o r  1 "-C h r s * , b e f o r e  e x t r a c t i o n  w i t h  
e t h e r  (2 x 25  ml*)# The combined e t h e r  e x t r a c t s  w e re  
washed  w i t h  s a t u r a t e d  sod ium  c a r b o n a t e  s o l u t i o n ,  w a t e r  
and d r i e d  o v e r  magnesium s u l p h a t e *  e v a p o r a t i o n  o f  s o l v e n t  
a f f o r d e d  a  c o l o u r l e s s  o i l  (150 mg*) which  was shown t o  
c o n s i s t  m a i n l y  o f  t h e  d i o n e  (l x a XIV) from t h e  i n f r a - r e d '  
s p e c t r u m ,  w h ich  a l s o  i n d i c a t e d  t h e  p r e s e n c e  o f  s m a l l
a m o u n ts  o f  t h e  e n e d t o n e  and r  t o - e e t e r  (XXXIIj B sB u ^ ) .
The sodium c a r b o n a t e  e x t r a c t  on a c i d i f i c a t i o n  f u r n i s h e d  
s m e l l  am ou n ts  o f  t h e  k e t o - a c l d  (XXXII? H«ii) «
( c )  A s o l u t i o n  o f  t h e  c r u d e  e n e d l o n e  (105 mg*) I n  
d r y  b e n z e n e  (5 ml*) was r e f l u x e d  f o r  5 h r a #  w i t h  a  
s o l u t i o n  o f  A a p h t h a l e n e - 2 - s u i p h o n i c  a c i d  ( 4 0  m g .)  i n  
d r y  b e n s e n e  (30 ml*)* The c o o l e d  s o l u t i o n  was f i l t e r e d  
t h r o u g h  a  s h o r t  c lumn ->f a lu m in a  (Grade  V),  which  was t h e n  
e l u t e d  w i t h  e t h e r  (250 ml*)  a f f o r d i n g  a  y e l l o w  o i l  (68 mg*} 
The i n f r a - r e d  s p e c t r u m  of  t h e  p r o d u c t  was i d e n t i c a l  t o  
t h a t  o f  t r e  s t a r t i n g  m a t e r i a l  s a v e  t h a t  t h e  b an d  a t  
1740 cm?1 ( c a r b o j t - b u t o x y l ) had d e c r e a s e d  i n  I n t e n s i t y  
by 25/ I b e  p r o d u c t  was r e f l u x e d  w i t h  n a p h t h a l e n e - 2 -  
a u l p h o n i c  a c i d  (40 mg*) i n  b e n z e n e  (35 ml*)  f o r  11 h r e *
The r e a g e n t  was f i l t e r e d  from t h e  c o o l e d  s o l u t i o n  w h ic h  
was t h e n  e v a p o r a t e d  t o  d r y n e s s *  The i n f r a - r e d  s p e c t r u m  
o f  t h © p r o d u c t  I n d i c a t e d  t h a t  t h e  r e l a t i v e  1 t e n s i t i e s  
o f  t h e  b e n d s  a t  1710 ,  1685 and  1620 cm7^ w e re  u n c h a n g e d ,  
b u t  t h a t  t h e  i n t e n s i t y  o f  t h e  1740  b a n d  h a d  a g a i n
d e c r e a s e d  w i t h  c o n c o m i t a n t  f o r m a t i o n  of  c a r b o x y l i e  
m a t e r i a l ,  a ssum ed  t o  be  t h e  ' e t o - a c i d  (.XXXII? Kmi) ,
(&) P u r e  s t a n n i c  c h l o r i d e  (215 mg*) was a d d e d  q u i c k l y  
t o  a s o l u t i o n  o f  t h e  c r u d e  e n e d i o n e  (125  mg*) i n  p u r e  
m e t h y l e n e  c h l o r i d e  (20  m l* )  and  t h e  t i g h t l y - s t o p p e r e d  
r e a c t i o n  v e s s e l  a l l o w e d  t o  s t a n d  a t  - 5 °  f o r  24 h re*
The s o l u t i o n  was d i l u t e !  w i t h  e t h e r  ( 3 0  m l . )  e n d  
washed  s u c c e s s i v e l y  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  
(3 x 20 m l * ) ,  s a t u r a t e d  sod ium  c a r b o n a t e  s o l u t i o n  
(2 x 30 m l . } ,  w a t e r  (2 x 3J m l .}  and d r i e d  o v e r  
magnesium s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  
a y e l l o w  o i l  (86 mg*),  t h e  i n f r a - r e d  suec ' t rum  o f  w&l$& 
was i d e n t i c a l  I n  a l l  r e s p e c t s  w i t h  t  . a t  o f  t r ie  s t a r t i n g  
m a t e r i a l *
( e )  A s o l u t i o n  o f  t h e  c r u d e  e n e d i o n e  (104 mg,} i n  
g l a c i a l  a c e t i c  a c i d  (5 m l . )  was t r e a t e d  w i t h  7g* o f  a 
40# wiw s o l u t i o n  f  b o r o n  t r i f l u o r i d e  i n  a c e t i c  a c i d  a n d  
t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  3 d a y s  
The s o l u t i o n  was o o u red  i n t o  w a t e r  (40 m l . )  and  e x t r a c t e d  
w i t h  ©t: (50  ml*)# T ie  e t h e r  l a y e r  was t h o r o u g h l y  
washed w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n ,  w a t e r  and 
d r i e d  e v e r  magnesium s u l p h a t e .  E v a p o r a t i o n  f  s o l v e n t  
a f f o r d e d  an o i l  (7Smg*) t h e  i n f r a - r e d  s p e c t r u m  c f  w h ic h  ■ 
was i d e n t i c a l  w i t h  t h a t  o f  t h e  s t a r t i n g  m a t e r i a l .
( f )  i  s o l u t i o n  o f  t h e  c r u d e  e n e d i o n e  (113 m g .)  i n  
m e t h a n o l  (10 m l . )  wag g e n t l y  r e f l u x e d  on s s t e a m  b a t h  f o r  
4 h r e *  w i t h  a s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e  (43 m g.)
i n  d i s t i l l e d  w a t e r  (20  m l*)*  A f t e r  e v a p o r a t i o n  o f  some 
m e t h a n o l  u n d e r  r e d u c e d  p r e s s u r e ,  t h e  c i o l e d  s o l u t i o n  w e b  
p o u r e d  i n t o  w a t e r  (20 m l . )  and  e x t r a c t e d  w i t h  e t h e r  (30  m l * ) .  
The e t h e r  e x t r a c t  « u  w ashed  t h o r o u g h l y  w i t h  s a t u r a t e d
sodium carbonate so lu t io n ,  water and dried  over 
magnesium sulphate* Evaporation of  so lvent  afforded 
a y e l l o w  o i l  7 0  mg.)  t h e  In f ra - re d  spectrum o f  which 
showed I t  to  be & mixture of t h e  dione (LXXXXV), 
unchanged enedione and small amounts of the k e to - e s te r  
( V' ; R=3u<fc)* The a l  a l in e  ex t ra c t s  were ca re fu l ly  
a c i d i f i e d  with d i lu te  sulphuric ac id ,  sa tu ra ted  with 
ammonium su lphate  and ex trac ted  w i t h  e th e r  (2 x 30 ml*)
The combined e th e r  e x t ra c ts  were ashed with sa tu ra ted  
s a l t  so lu t ion  (2 x 20 ml*) and d r ied  over magnesium 
sulphate* Evaporation of solvent  afforded the  ke to -so ld  
( XXXIX| R*H) i n i t i a l l y  as a pa le  yellow o i l  (22 mg*) 
which s o l id i f i e d  on t r i t u r a t i o n  with ether*
(g) ’ so l  t io n  of the crude ©nedlone (100 mg*) in
methanol (10 ml*) was refluxed for 48 hre* with one 
equivalent  of a standard so lu t io n  of sodium methoxlde in  
methanol (20 ml*)* After  evaporation to dryness under 
reduced pressure ,  the cooled m ate r ia l  was a c id i f i e d  with 
d i l u t e  su lphuric  acid  and ex trac ted  with e th e r  {2 x 20 ml*) 
‘The combined ©t er  e x t ra c t s  were washed with water 
(7 x 70 ml*) and dried  over magnesium sulphate*
Evaporat on of solvent afforded an o i l  (100 mg*), the  
in f r a - r e d  spectrum of which showed decreased i n t e n s i t i e s  
in the bands a t  1740 cm?! (c&rbot-butoxyl), 1685, and 
1620  om*l (conjugated ketone) with concomitant appearance
o f  ban  s a t t r i b u t e d  t o  t h e  t e t o - a c i d  ( XXXIIf Hail) and  
t h e  d l o n e  (LXXXIV).
(in) i . :  d r  i s  of a 4 G)i s o l u t i o n  o f  T - b e n z y l
t r i m e t h y l  ammonium m e t h o x l d e  ( T r i t o n  6 m e thox i& e)  i n  
m e t h a n o l  w e re  added  t o  a s o l u t i o n  o f  t h e  c r u d e  e n e d i o n e  
( 1 C.3 mg.)  i n  m e th a n o l  (15 m l # ; ,  and  t a e  r e s u l t i n g  s o l u t i o n  
g e n t l y  r c f l u x e d  f o r  "4 h r s #  - t h s n o l  was e v a p o r a t e d  
u n d e r  r e  u c e d  t r e a s u r e  end t h e  c o o l e d  m a t e r i a l  a c i d i f i e d  
w i t h  d i l u t e  s u l p h u r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r  
(2 x 2^ m l# ;#  The comoinod e t h e r  e x t r a c t s  w ere  washed  
w i t h  w a t e r  (2  x 20 ml#) and  d r i e d  o v e r  magnesium s u l p h a t e #  
E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  an o i l  (100  mg*) w i t h  an  
I n f r a - r e d  s p e c t r u m  I d e n t i c a l  t o  t i e t  a b o v e  ( e x  t# ( g ) )  
s a v e  t  r t  s i g h t l y  more of  t a e  e n e d i o n e  h a d  b e e n  c o n v e r t e d  
t c  t h e  H o n e  (LXXXIV) a s  i n d i c a t e d  by the  r e l a t i v e  
i n t e n s i t i e s  o f  t h e  b a n d s  a t  1685 and  1 6 2 j  em#l (©none) and  
1710  ( c y c l o h e x a n o n e  and  m e t h y l  k e t o n e ) .
( i )  \ s o l u t i o n  o f  t i e  c r u d e  e n e d i o n e  (100  m g .)  i n
g l a c i a l  a c e t i c  s o i l  J l 5  ml#) c o n t a i n i n g  p o t a s s i u m  a c e t a t e  
(49  mg#) was r e f l u x e d  f o r  3 h r s #  The c o o l e d  s o l u t i o n  was 
p o u r e  i n t o  w a t e r  (100 m l . )  and e x t r a c t e d  w i t h  e t h e r  
(2  x  25 ml#)*  The combined e t h e r  x t r a c t s  w e re  washed  
t h o r o u g h l y  w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n ,  w a t e r  
an d  d r i e d  o v e r  magnesium s u l p h a t e .  E v a p o r a t i o n  o f  s o l v e n t
a f f o r d e d  an o i l  (35 mg*), t h e  i n f r a - r e d  s p e c t r u m  o f  
w h ic h  was i n d e n t i c a l  i n  a l l  r e s p e c t  w i t h  t a a t  o f  t h e  
s t a r t i n g  m a t e r i a l *
( j )  s o l u t i o n  o f  t h e  c r u d e  e n e d ’ one (9o m g .)  i n  d ry  
b e n z e n e  (20 ml*)  c o n t - i n i n g  c r y s t a l l i n e  so&aml&e £30 m g .)  
was r e ^ l u x e d  f o r  18 h r s #  w i t h  v i g o r o u s  s t i r r i n g *  A f t e r  
1 h r#  a - T o n i a  was e v o lv e d  and c o n t i n u e d  t o  b e  e v o lv e d  
( l i t m u s )  f o r  a t  l e a s t  8 h r s *  The c o o le d  s o l u t i o n  was 
a c t  i f l e d  w i t h  d i l u t e  s u l p h u r i c  a c i d  and t h e  s e p a r a t e d  
b e n z e n e  l a y e r  washed w i t h  w a t e r  £3 x 10 m l # ) an d  d r i e d  
o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  g a v e  
a  t h i c k  v e l l o w  o i l  (86 m g . ) ,  t i e  i n f r a - r e d  s p e c t r u m  o f  
w h ic h  I n d i c a t e d  t  e p r e s e n c e  o f  c & r b o x y l i e  m a t e r i a l #
The o i l  was d i s s o l v  d i n  e t h e r  (2  0 ml#)  an d  s e p a r a t e d  
I n t o  n e u t r a l  end  a c i d i c  f r a c t i o n s  by w a s h in g  w i t h  
s a t u r a t e d  sod ium  c a r b o n a t e  s o l u t i o n *  The n e u t r a l  
f r a c t i o n  was i s o l a t e d  a s  a  t h i c k  o i l  (58 mg*) w h ich  
e x h i b i t e d  a  complex  i n f r a - r e d  s p e c t ru m #  The i n t e n s i t i e s  
o f  t h e  b a n d s  a t  1740 cm#2- ( c a r b o j p - b u t o x y ! )  an d  1685 and  
1620  c ?1 ( e n o n e j  had  d e c r e a s e d  b u t  t h e r e  was no e v i d e n c e  
f o r  f o r m a t i o n  o f  t h e  d i o n e  (LXXXIV) -  by c r i t i c a l  
c o m p a r i s o n  w i t  1 t h e  s p e c t r u m  of an  a u t h e n t i c  sample#
The p r o d u c t  e x h i b i t e d  a  b r o a d  band  a t  3400 cm?2- 
( h y d ro g e n  bo nded  h-H)# The a c i d i c  f r a c t i o n  f u r n i s h e d  a
v e r y  t h i c k  o i l  (24 m g . ) ,  th e  I n f r a - r e d  s p e c t r u m  
o f  w h ich  c l o s e l y  reassembled t h a t  o f  t h e  k e t o - a c i d  
( XXXIIt R -H ) .
( k )  o t a s a i u m  (100 m g . ) was d i s s o l v e d  I n  dry  
t , - b u t a n o l  (10  m l . )  and d ry  x y l e n e  (50 m l . ) .  The 
e x c e s s  t - b t s n o l  was removed by t w i c e  a z e o t r o p l n g  to  
o r a l l  b u l k  w i t h  x y l e n e  (50  m l . )  and  t h e  r e s u l t i n g  
p o t a s s i u m  1 - b u t o x l d e  d i s s o l v e d  i n  d r y  x y l e n e  (100 ml*)  
The c o o l e d  s o l u t i o n  was added  t o  a  s o l u t i o n  o f  t r ie  c r u d e  
e n e d i o n e  (100  m g .)  i n  d r y  x  l e r e  (25 m l . )  an d  t h e  
r e s u l t i n g  s o l u t i o n  a l l o w e d  t o  s t a n d  a t  r  om t e m p e r a t u r e  
f o r  12 h r s .  w i t h  o c c a s i o n a l  s w i r l i n g .  The s o l u t i o n  was 
p o u r e d  i n t o  c o l d  w a t e r  (100  m l . )  and a c i d i f i e d  w i t h  
d i l u t e  s u l p h u r i c  r e t d .  The s e p a r a t e d  x y l e n e  l a y e r  
w^s washed w' th  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n ,  
w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e *  . v a p o r s t i o n  
o f  a d v e n t  u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  a  y e l l o w  o i l  
■‘86 m g .)  t o e  I n f r a - r e d  s a c t  rum o f  w h ich  was i d e n t i c a l  
w i t h  t h a t  o f  t h e  s t a r t i n g  m a t e r i a l *
( 1 )  A s o l u t i o n  o f  t h e  c r u d e  e n e d i o n e  (100  m g .)  i n  
d r y  b e n z e n e  (20 m l . )  was t r e a t e d ,  w •t h  t e n  e q u i v a l e n t s  
o f  a s tand ard -  s o l u t i o n  o f  sodium t - a m y l a t e  i n  b e n z e n e  
and t h e  r e s u l t i n g  s o l u t i o n  s t i r r e d  v i g o r o u s l y  a t  room
t e m p e r a t u r e  f o r  10 h r s *  The s o l u t i o n  was p o u r e d  
i n t o  ^ c e - w a t e r  (5 0  m l*)  and a c i d i f i e d  w i t h  d i l u t e  
s u l o h u r i c  a c i d *  The b e r a e n e  l a y e r  was w ashed  w i t h  
w a t e r  and d r i e d  o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  
o f  s o l v e n t  a f f o r d e d  an o i l  (93 mg*) ,  t h e  i n f r a - r e d  
s p e c t r u m  o f  w h ich  r e s a e b l e d  t h o s e  found i n  e x p e r i m e n t s  
( g )  and ( h ) ,  t h e  I n t e n s i t i e s  o f  t h e  b a n d s  a t  1585 and 
1620 o m . l  (©none) h a v in g  d e c r e a s e d  w i t h  s u b s e q u e n t  
h a n c e - e n t  o f  t h e  1710 cm*2- band* The b and  a t  
1 7 4 )  c ^ l 2- showed d e c r e a s e d  I n t e n s i t y  w i th  p r o d u c t i o n  o f  
c a r b o x y l l e  m a t e r i a l  i n  s m a l l  amounts*  I s i m i l a r  c o m p lex  
m i x t u r e  w'p  a f f o r d e d  when t h e  c r u d e  e n e d i o n e  was r e f l u x e d  
w i t h  e x c e s s  sodium t - a m y l a t e  i n  b e n z e n e  f o r  18  h r s *
(ro) The c r u d e  e n e d i o n e  (1*60  g . )  was a d d e d  t o  a  
s o l u t i o n  o f  sodium . t - a m y l a t e  ( sod ium  300  m g . )  i n  
J t -am yl  a l c o h o l  ( 5 0  m l . )  and t h e  r e s u l t i n g  s o l u t i o n  
r e f l u x e d  f o r  3 h r s *  u n d e r  an  a t m o s p h e r e  o f  n i t r o g e n .  
B e n z e n e  ( 5 > m l . )  was added  and t h e  s o l v e n t s  e v a p o r a t e d  
u n d e r  r e d u c e d  P r e s s u r e *  The c o o l e d  m i x t u r e  was c a r e f u l l y  
a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  a c i d  and e x t r a c t e d  w i t h  
e t h e r  (2 x 50 m l*)*  The combined e t h e r  e x t r a c t s  w e re  
washed  w i t h  w a t e r  (3  x  20 m l . )  a n d  d r i e d  o v e r  magnesium 
s u l p h a t e *  E v a p o r a t i o n  i f  s o l v e n t  a f f o r d e d  a y e l l o w  o i l  
(1*24  g * ) ,  t h e  i n f r a - r e d  s p e c t r u m  o f  w h ich  showed d e c r e a s e
I n  I n t e n s i t y  o f  t h e  b a n d s  a t  1685 and 1620 cm?2 ( e n o n e )
I n  a com plex  c a r b o n y l  rari( e ,  and  a  new b and  a t  
3 4 0 0  cm?l  ( h y d r o x y l ; *  A s o l u t i o n  o f  t h e  o i l  i n  
l i g h t  p e t r o l e u m  (b*p* 6 0 - 8 0 ° )  was c u r o m a t o g r a  bed 
on a lu m i n a  (G rade  I ) *  E l u t i o n  w i t h  I/* b e n z e n e -  
l i g h t  P e t ro le u m  a f f o r d e d  s m a l l  a m ou n ts  o f  a simple e s t e r *  
E l u t i o n  w i t h  5 b e n z e n e - l l g  t  p e t r o l e u m  a f f o r d e d  an  
o i l  whic  i e x h i b i t e d  medium b a n d s  a t  1740 a n d  1660 cm?2 
w i t h  r e e n r c t  t o  t h e  s t r o n g  band a t  1710 cm?2 ( c y c l o ­
h e x a n o n e )  i n  t h e  i n f r a - r e d  spec t ru m #  C o n t i n u e d  e l u t i o n  
a f f  o rd e d  t h e  same m i x t u r e  w i t h  I n c r e a s i n g  p r o p o r t i o n  o f  
t h e  m a t e r i a l  which  e x h i b i t e d  t h e  band  a t  1660 cm?2 .
E l u t i o n  w i t h  b e n z e n e  a f f o r d e d  a com p lex  m i x t u r e  c o m p r i s i n g  
t h e  a c i d  c h l o r i d e  (LXXV), t h e  e n e d i o n e  ( L a X V I I I ) , w i t h  
s m a l l  am ounts  o f  t h e  k e t o - e s t e r  (XXXIII B aB ut)  and  
p r o b a b l y  t h e  d i o n e  (LXXXJtV)# E l u t i o n  vi t h  5$ e t h e r -  
b e n z e n e  a f f o r d e d  a  com o lex  m i x t u r e  w h ich  e x h i b i t e d  b a n d s  
a t  174 0 ,  1 7 1 0 ,  1660 ,  1620 and 1550 cm?2 * The column 
was e l u t e d  w i t h  e t h e r  a f t e r  b e i n g  a l l o w e d  t o  s t a n d  f o r  
one  we©v • The t h i c k  o i l  e x h i b i t e d  weak b a n d s  a t
1685 and 1620 c m ? l ( e n o n e )  w i t h  a  b r o a d  band  a t  1710 cm? 2 
and  a new s t r o n g  band a t  3500 cm?2 ( h y d r o x y l ) *  By 
c o m p a r i s o n  w i t h  t h e  I n f r a - r e d  s p e c t r u m  o f  a u t h e n t i c  d i o n e  
(LXXXIV) t h e  p r o d u c t  was shown t o  c o n t a i n  o n l y  s m a l l
a m o u n t s  o f  t h e  d i o n e ,  b e i n g  p r i n c i p a l l y  t h e  
|3 - a y d r o x y k e t o n e  o f  t  ie  e n e d i o n e  (LXXVIXI).
( n )  - © c r y s t a l l i s e d  g - t o l u e n e s u l p h o n y l  c h l o r i d e  (104  me • )  
was a d d ed  t o  a  s o l u t i o n  o f  t h e  c r u d e  e n e d i o n e  (87 mg*) I n  
d r y  p y r i d i n e  (1 m l . )  and t h e  m i x t u r e  a l l o w e d  t o  s t a n d  
a t  room t e m p e r a t u r e  f o r  65  h r e .  A f t e r  d i l u t i o n  w i t h  
e t h e r  ( 15 m l . ) ,  t h e  m i x t u r e  was a c i d i f i e d  w i t h  7*5/1 
h y d r o c h l o r i c  a c i d  end  t h e  s e p a r a t e d  e t h e r  l a y e r s  w ashed  
t h o r o u g h l y  w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n ,  
w a t e r  and d r i e d  o v e r  magnesium s u l p h a t e *  v a p o r a t i o n  
o f  s o l v e n t  a f f o r d e d  a b rown o i l  (150  m g . ) ,  t h e  i n f r a - r e d  
s p e c t r u m  o f  w h ich  e x h i b i t e d  b a n d s  a t  1600 ,  1190 ,  1175 
and 840 cm?2 a t t r i b u t e d  t o  | > - t o l u e n e s u l p h o n y l  c h l o r i d e ,  
t h e  i n t e r s * t i e s  o f  t h e  b a n d s  a t  1 7 4^ ,  1 7 1 0 ,  1685 and  
1620  c ^ ? 2 b e i n g  r e l a t i v e l y  u n c h a n g e d .
1 - ( 3 -  r t h y l b u t - l - o l - 2 - e n y l ) * 5 - m e t h y l b i c y c l o  h i  5 s 33 n o n a n -  
5 - one  (LXXXVII; RsH)
odium b o r o h y d r l d e  (71 mg*, 1*75 m .m o le )  was a d d e d  
t o  a s o l u t i o n  o f  t h e  p u r e  e n e d i o n e  (U Q C y i l l )  ( 1 .6 4  g * ,
7*0  m .m ole )  i n  d r y  m e t h a n o l  (10 m l . ) ,  c o o l e d  t o  0 °  i n  a n  
i c e - s a l t  b a t h *  A f t e r  t h e  I n i t i a l  e f f e r v e s c e n c e ,  t h e  
m i x t u r e  was a l l o w e d  t o  s t a n d  a t  0 °  f o r  1*5 h r .  w i t h  
o c c a s i o n a l  s h a k i n g .  The s o l v e n t  was rem oved  u n d e r  r e d u c e d  
p r e s s u r e  w i t h o u t  h e a t i n g  and t h e  r e s i d u e  a c i d i f i e d  w i t h
d i l u t e  s u l o h u r i c  © c id ,  s a t u r a t e d  w i t h  ammonium s u l p h a t e  
a n d  e x t r a c t e d  w i t h  e t h e r  (3 x 25 m l* } .  The combined 
e t h e r  e x t r a c t s  were  washed t h o r o u g h l y  w i t h  s a t u r a t e d  
ammonium s u l p h a t e  s o l u t i o n  and d r i e d  o v e r  magnesium 
s u l p h a t e .  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a  t h i c k  o i l ,  
t h e  i n f r a - r e d  s p e c t r u m  o f  which  e x h i b i t e d  a  s t r o n g  
b a n d  a t  1710 cm?1 ( c y c l o h e x a n o n e )  w i t h  medium b a n d s  a t  
3500  cm?2 ( h y d r o x y l )  a n d  1685 and 1620  cm?2 ( e n o n e ) .
A s o l u t i o n  o f  t h e  o i l  i n  d i y  m e t h a n o l  (1 m l . )  was c o o l e d  
t o  0 °  end a l l o w e d  t o  s t a n d  a t  0 °  f o r  4 h re *  w i t h  
sodium b o r o h y d r i & e  (55 mg*) b e f o r e  b e i n g  worked up a s  
b e f o r e *  The k o t o l  was f u r n i s h e d  a s  a  t h i c k  o i l  ( l f 66 g .  ) 
t h e  i n f r ^ - r e d  s p e c t r u m  o f  w h ic h  e x h i b i t e d  a  s t r o n g  band  
a t  1 7 1 0 cm?2 w i t h  o n ly  weak b a n d s  a t  1685 1620 cm?2 .
A s o l u t i o n  o f  t h e  c r u d e  k e t o l  (1*66 g . )  I n  b e n z e n e  was 
c h r o m a to g r a p h e d  on a s h o r t  column o f  s i l i c a  (50  g * )*
I l u t i o n  w i t h  7/1 e t h e r - b e n z e n e  (8 x 150 m l * ) a f f o r d e d  s m a l l  
q u a n t i t i e s  o f  t h e  e n e d i o n e  (LXXVIIl ) ,  t h e  l a t t e r  
f r a c t i o n s  show ing  i n c r e a s i n g  a m ou n ts  o f  t h e  k e t o l ,  
t l u t i o n  w i t h  5/ e t h e r - b e n z e n e  a f f o r d e d  t h e  k e t o l  a s  a 
t h i c k  c o l o u r l e s s  o i l  ( 1 . 4 5  g * )» w h ich  was t o o  t h i c k  t o  b e  
s a t i s f a c t o r i l y  f r a c t i o n a t e d *  k p o r t i o n  o f  t h e  k r t o l  was 
f r a c t i o n a t e d  by s h o r t  p a t h  d i s t i l l a t i o n  on t o  a c o l d  
f i n g e r  a s  a c o l o u r l e s s  n o n - c r y s i s l l i s a b l e  o i l  b .p *
1 3 0 ° / 0 .0 1  mm* (Founds C, 76*9 1 H, 10*25* ^15^24^2  **®Qulres
C, 76*35 H, 1 0 * 2 5 / 0 .
The p r o d u c t  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  3500 c ? 2 
( h y d r o x y l ) f 1710  cm? 2 ( c y c l o h e x a n o n e ,  b r o a d e n e d  by 
h y d r o g e n  b o n d i n g )  and  a weak band  a t  1635 cm? 2 ( o l e f i n )  
w i t h  u l t r a - v i o l e t  a b s o r p t i o n  g?2g *1 8 9 0 ; g ? 2^*2 8 4 I
•6 5  c h a r a c t e r i s t i c  o f  a  m o l e c u l e  p o s s e s s i n g  
a t r l s u b s t i t u t e d  d o u b l e  bond ( 7 8 ,7 9 ) *  I t  was found 
t h a t  e l e m e n t  a n a l y s e s  w ere  h i g h  i n  c a r b o n  i f  t h e  sa m p le  
o f  k e t o l  had  b e e n  d i e t * l i e d  a t  0*1 mm# C a r e f u l  a n a l y s i s  
o f  t h e  i n f r a - r e d  s o e c t r a  i n d i c a t e d  t  ;e a p p e a r a n c e  o f  
weak b a n d s  a t  1645 and  1605 ora?2 , l a t e r  s t t r i b u t e d t o  
t h e  d l e n e o n e  (LXXXIX) f u r n i s h e d  by o y r o l y t i c  d e h y d r a t i o n  
o f  t h e  f ce to l  (LXXXVXIl RrH)•
R e d u c t i o n  o f  b o t h  c a r b o n y l  g r o u p s  i n  t h e  e n e d i o n e  (LXXVXII) 
A s o l u t i o n  o f  sodium b o r o h y d r i d e  (100  mg#) i n  
d i s t i l l e d  w a t e r  (10 m l#)  was a d d e d  q u i c k l y  t o  a s o l u t i o n  
o f  t h e  c r u d e  e n e d i o n e  (103 mg#) I n  m e th a n o l  (10  m l* )  and  
t h e  r e s u l t i n g  s o l u t i o n  a l l o w e d  t o  s t a n d  a t  room 
tern o r a t o r e  f o r  2 h r s *  The s o l u t i o n  was a c i d i f i e d  w i t h  
d i l u t e  s u l p h u r i c  a c i d  and  e x t r a c t e d  w i t h  e t h e r  (3  x 20  ml*)  
The com bined  e t h e r  e x t r a c t s  were  washed w i t h  w a t e r  
(2 x 20  ml*} and  d r i e d  v e r  magnesium s u l p h a t e *
E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a t h i c k  o i l  (93  mg*) w h ic h  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1710 cm? 2 ( c y c l o h e x a n o n e )  
a n d  3500 cm?l  (h y d r o x y 1 ) w i t h  weak b a n d s  a t  1685  cm? 2 and
1 6 2 0  cm?2 ( e n o n e ) ,  th o u g h  t h e  I n t e n s i t y  o f  t h e  
1 7 4 )  cm?2 band ( c a r b o - t - b u t o x y ) was t h e  same a s  I n  t h e  
c r u d e  t f i e n o n e .  A s o l u t i o n  o f  t h e  o i l  (93  mg#) i n  
l i g h t  p e t r o l e u m  ( b . p .  6 0 - 8 0 ° )  was c h r o m a to g r a p h e d  on 
s i l i c a  ( 5 g * )• E l u t i o n  w i t h  l i g h t  p e t r o l e u m  
( b . -• 6 0 - 8 0 ° )  and w i t h  b e n z e n e  (4  x 50 m l . )  a f f o r d e d ,  
a  complex  m i x t u r e  o f  t h e  a c i d  C h l o r i d e  (LXXV), k e t o - e s t e r  
(XXXII? R « B u t ) ,  e n e d i o n e  (LXXVIII) a n d  t h e  k e t o l  
(LXXXVTI; R -H )• E l u t i o n  w i t h  104 e t h e r - b e n z e n e  
(4 x 5 0  m l * ) f u r n i s h e d  a m i x t u r e  (49 m g.)  o f  t h e  
k e t o - e e t e r  (XXXTI? R*Bu^) and t h e  k e t o l  (LXXXVII? H a h ) .  
F u r t h e r  ^ l u t i o n  w i t h  e t h e r  a f f o r d e d  s m a l l  q u a n t i t i e s  o f  
a  s y r u p ,  t h e  i n f r a - r e d  s p e c t r u m  o f  w h ich  e x h i b i t e d  a 
s t r o n g  b r o a d  band  a t  3530 cm? 2 ( h y d r o x y l )  w i t h  o n ly  a  
weak c a r b o n y l  b a n d .  The s y r u p ,  w h ich  c o u l d  n o t  b e  
p u r i f i e d  was a s s i g n e d  a s t r u c t u r e  i n  w h ic h  b o t h  
c a r b o n y l  g r o u p s  i n  t h e  e n e d i o n e  (LXXVIII)  h a d  b e e n  
r e d u c e d  t o  h y d r o x y 1 .
Attempted formation of t h e  p-tolueneeulpiionate of the
'  k e t o l  (JTTxvfTT R » i J  '
k s o l u t i o n  o f  t h e  c r u d e  k e t o l  (340 mg*) c o n t a i n i n g  
some k e t o - e s t e r  (XXXII; RmBut) I n  d ry  p y r i d i n e  (5 ml®) 
was warmed on a s team  b a t h  f o r  7 h r s .  w i t h  g p t o l u e n e -  
a u l p h o n y l  c h l o r i d e  (305  mg*).  A f t e r  e v a p o r a t i o n  t o  ©mall  
b u l k  u n d e r  r e  uced  p r e s s u r e ,  t h e  m i x t u r e  was a c i d i f i e d
w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  ©nd e x t r a c t e d  w i t h  
c h l o r o f o r m  (2 x 15 m l . ) .  The combined e h l o r o f o r m  
e x t r a c t s  w ere  washed w i t h  s a t u r a t e d  sodium c a r b o n a t e  
s o l u t i o n ,  w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e *  
E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a t h i c k  o i l  (365  m g .)  
w h ich  e x h i b i t e d  i n f r a - r e d  a b s o r  p t i o n  a t  3503 cm? 2 ' 
( h y d r o x y l ) ,  1600 om?l ( a r o m a t i c )  w i t h  a d o u b l e t  a t  
1290  and  1275 cm? 2 ( £ - t o l u e n © s u l p h o n a t e ) *
o - T o l u e n e s u l o h o n y l  c h l o r i d e  (530 ^ g . )  was ad d ed  t o  a 
s o l u t i o n  o f  t h e  o i l  (365  m g .)  i n  dry  p y r i d i n e  (5 ml*)  
and  t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  a t  room tern .3e r a t u r e  
f o r  18 h r s .  i n  s  s t o p p e r e d  f l a s k .  w o rk -u p  a s  a b o v e  
a f f o r d e d  a t h i c k  o i l  (525  m g . ) ,  c o n t a i n i n g  u n c h ang ed  
r e a g e n t .  The p r o d u c t ,  w hich  e x h i b i t e d  o n l y  weak 
a b s o r p t i o n  a t  3500 cm? 2 ( h y d r o x y l ) ,  was d i s s o l v e d  I n  
b e n z e n e  and c h r o m a to g r a p h e d  on a l u m i n a  (G rade  XXX) (15 g . } .  
E l u t i o n  w i t h  b e n z e n e  (5  x 50 m l . )  a f f o r d e d  a n  o i l  (1 9 0  m g .)  
w h ich  e x h i b i t ©  I n f r a - r e d  a b s o r p t i o n  a t  1710 cm? 2 
( c y c l o h e x a n o n e ) ,  1600 cm? 2 ( a r o m a t i c ) ,  1290  an d  888 cm? 2 
( I n t e r  shown t o  b e  c o n j u g a t e d  d i e n e ) .  F r a c t i o n  ( 1 ) 
e x h i b i t e d  an  u l t r a - v i o l e t  maximum a t  230n*ji ( £ 8 , 5 0 0 ) 
c o r r e s p o n d i n g  t o  36/  d l e n o n e  (LXXXIX) c h a r a c t e r *  F u r t h e r  
e l u t i o n  w i t h  10/ e t h e r - b e n z e n e  (6 x 50  m l . ) a f f o r d e d  an  
o i l  (90  m g .)  w h ich  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  
1710  cm? 2 (cy e lo h ex *  n o n e ) , 1740 am? 2 ( c a r b o - t ^ - b u t o x y l )  and
w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  
c h l o r o f o r m  (7 x 15 m l . ) *  The combined c h l o r o f o r m  
e x t r a c t s  w ere  washed w i t h  s a t u r a t e d  sodium c a r b o n a t e  
s o l u t i o n ,  w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e *  
E v a p o r a t i o n  o f  a d v e n t  a f f o r d e d  a t h i c k  o i l  (365 mg*) 
w h ic h  e x h i b i t e d  i n f r © - r e d  a b s o r p t i o n  a t  3533 em«l 
( h y d r o x y l ) ,  1600 om?l ( a r o m a t i c )  w i t h  a d o u b l e t  a t  
1290  and  1275 cm? 2 ( £ - t o l u e n © a u l p h o n a t e ) *
o - T o l u e n e s u l o h o n y l  c h l o r i d e  (5 3 0  ^g*) was a d d ed  t o  a  
s o l u t i o n  o f  t h e  o i l  (365  mg*) i n  d r y  p y r i d i n e  (5 m l . )  
a n d  t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  
f o r  18 h r s .  i n  a  s t o o p e r e d  f l a s k .  w ork-up  bb a b o v e  
a f f o r d e d  a t h i c k  o i l  (525 mg*),  c o n t a i n i n g  u n c h an g e d  
r e a g e n t *  The o r o d u c t ,  w h ich  e x h i b i t e d  o n l y  weak 
a b s o r p t i o n  a t  3500 cm? 2 ( h y d r o x y l ) ,  was d i s s o l v e d  i n  
b e n z e n e  and c h r o m a to g r a p h e d  on a lu m i n a  (G rade  I I I )  (15 g * )*  
r l u t i o n  w i t h  b e n z e n e  (5  x S3 m l*)  a f f o r d e d  a n  o i l  (19 3  m g .)  
w h ich  e x h i b i t ©  i n f r a - r e d  a b s o r p t i o n  a t  1713 cm?2 
( c y c l o h e x a n o n e ) ,  1600 cm? 2 ( a r o m a t i c ) ,  1290  and  888 cm? 2 
( l a t e r  shown t o  b e  c o n j u g a t e d  d i e n e / *  F r a c t i o n  ( 1 ) 
e x h i b i t e d  an  u l t r a - v i o l e t  maximum a t  23<M)x (£ 8 , 5 0 0 ) 
c o r r e s p o n d i n g  t o  36/  d l e n o n e  (LXXXIX) c h a r a c t e r *  F u r t h e r  
© l u t i o n  w i t h  10, e t n e r - b e n z e n e  (6 x 50  m l* )  a f f o r d e d  an 
o i l  (90  mg*) w h ich  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  
1710  cm? 2 ( c y c l o h e x a n o n e ) , ,  1740 cm?2 ( c a r b o - t - b u t o x y l )  an d
1600  ( a r o m a t i c ) ,  1290 and 1275  cm;rl ( j s - t o l u e n e -
s u l p h o n y l )  w i t h  o n ly  weal? b a n d s  a t  973 &n& B88 cmT1 
( c o n j u g a t e d  d l e n e ) *  F r a c t i o n  (7 )  e x h i b i t e d  a n  u l t r a ­
v i o l e t  maximum a t  230rnp (£4#500)  c o r r e s p o n d i n g  t o  19,- 
d i e n e o n e  (LXXXIX) c h a r a c t e r *  F u r t h e r  e l u t i o n  w i t h  
e t n r r  a f f o r d e d  s m a l l  am oun ts  o f  a  complex  m i x t u r e  
c o n t a i n i n g  u n r e a c t e d  k e t o l #
At t e m p t e d  c y o l l e r t l o n  o f  the p - to luenesu lph o n a t e  o f  the
fe8 t jo \  .̂ X XXVXl; B--.1
a s o l u t i o n  o f  t h e  c r u d e  k e t o - t o s y l a t e  (190 mg*) i n  
d r y  jb-amyl a l c o h o l  (15  ml*)  was t r e a t e d  w i t h  one e q u i v a l e n t  
o f  sodium j t - a m y l a t e  (11*5 mg* so d iu m )  i n  J r& m yl  a l c o h o l  
(15  m l* )  and t h e  r e s u l t i n g  s o l u t i o n  r e f l u x e d  w i t h  
s t i r r i n g  f o r  16 h r s *  u n d e r  an a t m o s p h e r e  o f  n i t r o g e n *
The s o l u t i o n ,  w h ich  became c l o u d y ,  was e v a p o r a t e d  t o  s m a l l  
b u l k  and t h e  c o o l e d  m a t e r i a l  a c i d i f i e d  w i t h  d i l u t e  
s u l p h u r i c  a c i d ,  d i l u t e d  w i t h  w a t e r  end e x t r a c t e d  w i t h  
e t h e r  (2 x 2 > m l . ) *  The combined e t h e r  e x t r a c t s  w e re  
w ashed  w i t h  w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e #  
E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a s w e e t - s m e i l i n g  o i l  
( 17 0  m g .)  w h ich  e x h i b i t e d  a  weak b a n d  a t  3500  omjl  
( h y d r o x y l )  i n  the  i n f r a - r e d  s p e c t r u m ,  w i t h  v i r t u a l  
d i s a p p e a r a n c e  o f  t h e  b a n d s  a t  1600* 1290 a n d  1275 cm?! 
( g - t o l u a n e a u l p h o n a t e ) .  A s o l u t i o n  o f  t h e  o i l  (170 mg*) 
i n  b e n z e n e  was c h r o m a to g r a p h e d  on a lu m i n a  (G ra d e  I )  ( l O g . ) .
S l u t I o n  w i t h  5/ e t h e r - b e n z e n e  (6 x 50 m l*)  a f f o r d e d  a  
t h i c k  s w e e t - s m e l l i n g  o i l  (45  mg*) ,  t h e  i n f r a - r e d  c o t ru m  
o f  w hich  i n d i c a t e d  © com plex  m i x t u r e  o f  a t  l e a s t  i s r  t o -  
e s t e r  (XXXIIj RaRtt*),  d l e n o n e  (LXXXIX) and  k e t o - t o s y l a t ©  
(LXXXVIIi Rgg-CH3 *CgH4 *aOa )* u r t h e r  e l u t i o n  w i t h  
e t h e r  a f f o r d e d  s m a l l  am ounts  o f  a  t h i c k  o i l  w h ich  
e x h i b i t e d  h y d r o x y l i c  b a n d s  i n  t h e  i n f r a - r e d  sp e c t rum *
1 - ( 3 -  e t h y l b u t a d l e n y l ) - 5 - me t i i y i b l c y d o  (3<5 «I  - o n e
( a )  A s o l u t i o n  o f  k e t o l  (LXXXVIIi Rail) (330 mg*) i n  
d r y  p y r i d i n e  (5 m l . )  was t r e a t e d  w i t h  a s o l u t i o n  o f  
^ v -b ro m o b e n z e n e s u lp h o n a te  (535 m g . ,  1*5 e a u i v a l e n t s )  i n  
d r y  o y r l d i n e  (5 ml*) a n d  t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  
r t  room t e o e r a t u r e  f o r  18 h r g .  The s o l u t i o n  was 
p o u r e d  i n t o  i e e - w a t e r  (100  m l . )  and  e x t r a c t e d  w i t h  e t h e r  
(o x 25 m l * ) .  The combined  e t h e r  e x t r a c t s  w e re  washed  
w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  s t u r a t e d  sodium b i c a r b o n a t e  
s o l u t i o n ,  w a t e r  and d r i e d  o v e r  magrr s lum s u l p h a t e *
Kven o r - t i o n  of s o l v e n t  a f f o r d e d  an  o i l  (195 m g .)  w h ich  
on t r i t u r a t i o n  w i t h  l i g  t  p e t r o l e u m  (b*p* 6G-8G0 ) , 
a f f o r d e d  a  s o l i d  (15 mg*) w h ich  c r y s t a l l i s e d  from e t h e r -  
l i g h t  c t r o l e u m  (b*p* 6 0 - 8 0 ° )  a,e c o l o u r l e s s  n e e d l e s  
m.p* 16 8 -1 7 2 °*  The p r o d u c t  e x h i b i t e d  o n ly  a r o m a t i c  
b a n d s  i n  t lv  i n f r a - r e d  s>eo trum * E v a p o r a t i o n  o f  t h e  l i g h t  
p e t r o l e u m  s o l u b l e  f r a c t i o n  a f f o r d e d  r e l a t i v e l y  u n c h a n g e d
LXXXIX
e t o l  a© b t h i c k  o i l  (ISO mg*)*
( b )  s o l u t i o n  o f  t h e  k e t o l  (LXXXVIIi IUH) (3^5 mg*) 
i n  d r y  p y r i d i n e  (2 m l*)  was t r e a t e d  w i t h  a  s o l u t i o n  o f  
£ - b r o r  o b e n z e n e s u l p h o n y l  c h l o r i d e  (665  mg** 2 e q u i v a l e n t s )  
i n  d r y  o y r i d i n ©  (2 m l* )  and t h e  s o l u t i o n  warmed on a  
s t e a m  b a t h  f o r  2 h r s*  h fX er  r em o v in g  t h e  p y r i d i n e  
u n d e r  T*e u c e d  p r e s s u r e ,  t h e  c o o l e d  m i x t u r e  was p o u red  
i n t o  w a t e r  ( 5 -  m l * ) ,  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  
a c i d ,  s a t u r a t e d  w i t h  ammonium s u l p h a t e  an d  e x t r a c t e d  
w i t h  e t h e r  (2 x 25 ml*)* The combined e t h e r  e x t r a c t s  
w e re  washed  w i t h  s a t u r a t e d  sodium b l c a r b o m  t e  s o l u t i o n ,  
s a t u r a t e d  ammonium s u l p h a t e  e o l a t i o n  and d r i e d  o v e r  
m agnre lum  g l o h s t e *  s o l v e n t  was removed u n d e r  r e d u c e d  
p r e s s u r e  w i t h o u t  warm ing ,  a f f o r d i n g  a  m o b i l e  y e l l o w  o i l  
(295  mg*), w h ich  e x h i b i t e d  a  com plex  i n f r a - r e d  s p e c t r u m  
w i t h  b a n d s  a t  171b cm5*1 ( c y c l o h e x a n o n e ) , 31GC and  158b  crn^l 
( a r o m a t i c  b a n d s  o f  £ - b r o m o b e n z e n e s u l p r i o n a t e ) , 3^ 5 0 , 1645  
a n d  161b cmyl ( c o n j u g a t e d  d l e n e )  and  a  weak b a n d  a t  
3500  om*l ( h y d r o x y l ) *  A s o l u t i o n  o f  t h e  o i l  (295 mg*) 
i n  25/ b e n z e n e - l i g h t  p e t r o l e u m  (b*p* 6 0 - B a 3 ) was 
c h r o m a to g r ^  bed  on a lu m i n a  (Grade  I )  (13 g*}* E l u t i o n  
w i t h  25/ b e n z e n e - l i g h t  p e t r o l e u m  (b .p *  6 0 - 3 0 ° )  (6 x  50  ml*)  
a f f o r d e d  t h e  d i e n e o n e  (LXXXIX) a s  a  v o l a t i l e  s w e e t - s m e l l i n g  
m o b i l e  o i l |  y i e l d  210 mg* (73/ )* E l u t i o n  w i t h  b e n z e n e  
a f f o r d e d  no u s e f u l  m a t e r i a l  b u t  f u r t h e r  e l u t i o n  w i t h  
e t h e r  (200 m l . )  a f f o r d e d  a n o n - c r y s t a l l l s a b l e  g l a s s  (50mg*)
The r o d u c t  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1710 cmr1
( c y c l o  e x an o n e )  w i t h  weak bands  a t  3 1 0 0 , 16§0  and 
1580  cmr1 ( a r o m a t i c  o f  D - b r o m o b e n z m e e u l p h o n a t e ) *  
F r a c t i o n a t i o n  o f  t h e  25/ b e n z e n e - l i g h t  p e t r o l e u m (b*p# 
6 0 - 8 0 ° )  e l u a t e  f u r n i s h e d  t h e  e n e d l o n e  (LXXXIX) a s  a
c o l o u r l e s s  o i l  b.p* 7C°/Q*G1 mm*, 1 .5197 ,u
(Found i  <3,32*2$ H, 9*95* C15H2 2 °  c » 82*5#
I!, 10*15, )* The p r o d u c t  e x h i b i t © !  i n f r a - r e d  a b s o r p t i o n  
a t  171 omf1 ( c y c l o h e x a n o n e ) , 3 ^ 5 0 ,  1645 ,  1 6 1 0 , 973 and  
888 cmT1 ( d l s u b s t l t u t e d  c o n j u g a t e d  d l e n e )  ( 3 3 ) w i t h  
a n  u l t r a - v i o l e t  maximum a t  23GnjM ( £ 2 3 ,9 0 0 ) *
1 - ( 3 -  e t h y l b u t - l - a o e t a t e - 2 - e n y 1 ) - 5 - m e t h v l b l c y c l o  L5 > 3 1 l l - 
n o n r n - 3 - o n e  (l^XXXVIIi R»CBj«CQ)
c o t i c  a n h y d r i d e  ( 1 ml*)  was added  t o  a s o l u t i o n  
o f  t h e  M r to l  (LXXXVIIi R#H) (200 m g .)  i n  d ry  p y r i d i n e  
(1 ml*)  and  t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  a t  room 
t e m p e r a t u r e  f o r  75 h r a *  i n  a s t o p p e r e d  f l a s k *  E v a p o r a t i o n  
u n d e r  r e  u c e d  p r e s s u r e  a f f o r d e d  t h e  k e t o - a c e t a t e  a s  a  
c o l o u r l e s s  o i l  (220 mg*) b.p* 1 2 4 ° / 0 * 0 5  mm*, rE*4 1 , 4 9 5 4 .
The product ex h ib ited  i n f r a - r e d  absorption  a t  1740 and 
1240 cmT1 (a c e ta te )  and 1 7 1 i  (cyclohexanone) with a
weak band a t  1620 cm .i ( o le f in )*  The u l t r a - v i o l e t  
spectrum exh ib ited  end-absorption  ^ ^ 2 6 0 5  i g^^*310 j 
£ 21° /^ 2 2 0 a l .9 5  c n a r a o te r ie t lo  o f  a. t r i s u b s t i tu te d  double  
bond ( 7 3 ,7 9 ) *  During a c e ty la t io n  there  was no ev idence in  
th e  in fr a -r e d  and u l t r a - v i o l e t  sp ectra  f o r  form ation o f  the  
dleneone U-4JUUX)*
A tte m p te d  e l a b o r a t i o n  o f  t h e  a c i d  c h l o r i d e  (L-XXV) ( b e e  io r)
( b )  1 t h  e t h y l  s o d l o - e c e t o a o e t o t e * A s o l u t i o n  o f  e t h y l -  
r c e t o n c e t a t e  (10  g * ) i n  a n h y d r o u s  e t h a n o l  ( 5 0  mg*) was 
a d d e d  t o  © s o l u t i o n  of  sodium ( 1 .6  g * ) i n  a n h y d ro u s  
e t h a n o l  (100  ml*) and  t h e  r e s u l t i n g  s o l u t i o n  warmed t o  
5 0 °  w i t h  s t i r r i n g  f o r  1 h r*  . v a p o r a t i o n  o f  v o l a t i l e  
m a t e r i a l s  a t  100°  u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  e t h y l  
s o d l o - a c e t o a c e t a t e  a s  p p a l e  y e l l o w  s o l i d *  A s o l u t i o n  
o f  t h e  a c i d  c h l o r i d e  (4 5 ® mg*, 2*5  m*molea) I n  d r y  
b e n z e n e  (5 ® m l*)  was ad d ed  o v e r  ->*5 h r*  a t  4 ®° w i t h  
s t i r r i n g  t o  a s o l u t i o n  o f  e t h y l  s o d i o - a c e t o a c e t a t ©
(373 m g. ,  6 m .m ole )  i n  d ry  b e n z e n e  ( loO m l*)  and  
d l m e t h y l f o r m a m l d a  ( 2 ml*)*  The s o l u t i o n  was r e f l u x e d  
f o r  2 a r e * ,  d u r i n g  w h ich  t im e  sodium c h l o r i d e  s e p a r a t e d  
from t h e  s o l u t i o n *  The i c e - c o o l e d  m i x t u r e  was c a r e f u l l y  
a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  a c i d ,  t h e  b e n z e n e  l a y e r  
s e p a r a t e d ,  washed  w i t h  w a t e r  and  d r  ed o v e r  magnesium 
s u l p h a t e *  v a p o r  t i o n  o f  s o l v e n t  a n d  r e a g e n t  u n d e r  
r e d u c e d  o r e e s u r e  a t  100°  a f f o r d e d  a t h i c k  o i l  (227  mg*) 
w h ich  g a v e  a n  o r a n g e  c o l o u r  w i t h  f e r r i c  c h l o r i d e *  The 
p r o d u c t ,  w h ich  was u n s t a b l e  t o  d i s t i l l a t i o n ,  e x h i b i t e d  
I n f r a - r e d  a b s o r p t i o n  bands  a t  1 7 3 5 ,  171® and 164® cm«l 
a t t r i b u t e d  t o  an  e n o l l s a b l ®  t o - e s t e r *  T h e r e  was 
no u l t r a - v i o l e t  maximum i n  e t h a n o l ,  b u t  i n  e t h a n o l  
c o n t a i n i n g  1/ IN sodium h y d r o x i d e  t h e  p r o d u c t  e x h i b i t e d
an u l t r a - v i o l e t  maximum a t  273r;h ( £ 1 0 , 7 0 0 ) w h ich  was 
t o  b e  e x p e c t e d  from f o r m a t i o n  o f  s t r u c t u r e  (XCXIf R* ©)•
The o r o d u c t  c o u ld  n o t  b e  s e l e c t i v e l y  h y d r o l y s e d  t o  t h e
d l o n e - e s t e r  (XC), o r  t h e  t r i o n e  (X C II I )*
( c )  l t o  e t h y l  t - b u t v l  e tft  oxv map;neslutmna 1 Q nate  (8 3 ) 
a g n ee lum  e t h o x i d e  was p r e p a r e d  by a d d i n g  a n h y d r o u s  
e t h a n o l  (10  m l , )  t o  magnesium t u r n i n g s  (2 1 7  m g , , 3*9mg*etom) 
a c t i v a t e d  w i t h  5 d r o p s  c a r b o n  t e t r a c h l o r i d e ,  and t h e  m ix t u r e  
r r f l u x e d  f o r  2 h r s .  u n t i l  a l l  t h e  magnesium h ad  d i s s o l v e d *  
The e x c e s s  e t h a n o l  was removed a t  1 00 °  u n d e r  r e d u c e d  
p r e s s u r e ,  t h ^  l a s t  t r a c e s  b e i n g  removed by a z e o t r o p i n g  
w i t h  x y l e n e  (100  ml*)*
A s o l u t i o n  o f  e t h y l  t - b u t y l  s m l o n a t e  ( 1*68 g * ,
8*9 m .m ole )  i n  dry  e t h e r  (25 m l*)  was add ed  t o  a
s u s p e n s i o n  i t  magnesium e t f t o x i d e  (8*9 m .m ole )  I n  d ry  
e t h e r  (150  m l . )  and t h e  m i x t u r e  r e f l u x e d  g e n t l y  f o r  3 h r s *  
The s o l v e n t  and  e t n a n o 1 w ere  removed a s  above*
s o l u t i o n  o f  t h e  a c i d  c h l o r i d e  (1*91 g * ,  8*9 m .m o le )  
i n  d ry  e t h e r  (25  ml*) was added  o v e r  0*5 h r*  t o  a s t i r r e d  
s u s p e n s i o n  o f  t h e  r e a g e n t  (8*9 m .m o le )  i n  r e f l u x l n g  
e t h e r  (25® ml*)# I m m e d ia t e l y  on a d d i t i o n  o f  t h e  a c i d  
c h l o r i d e  tine complex  p a r t i a l l y  d i s s o l v e d  o n ly  t o  b e  
r e o l e c e d  a t  o n c e  w i t h  9 s u s p e n s i o n  o f  e th o x y m ag n e s lu m  
c h l o r i d e *  The m i x t u r e  was g e n t l y  r e f l u x e d  w i t h  s t i r r i n g  
f o r  18 h r s*  The i c e - c o o l e d  m i x t u r e  was a c i d i f i e d  w i t h
d i l u t e  s u l p h u r i c  a c i d ,  t h e  e t h e r  l a y e r  s e p a r a t e d  and  
t h e  a q u e o u s  l a y e r  e x t r a c t e d  w l t o  e t h e r  (2 x  5 ® ml*)*
'The combined e t h e r  e x t r a c t s  w e re  washed w i t h  w a t e r  and 
d r i e d  o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  Of s o l v e n t  
a f f o r d e d  a y e l l o w  o i l  from w hich  t h e  s t a r t i n g  m a t e r i a l s  
w ere  removed a t  0*1 mm, i n  a n  o i l  b a t h  a t  1 5 GC* The 
d i o n r - d i e s t e r  (XCIIj  Rxou^G), w h ich  would  n o t  d i s t i l  
a t  l 8o ° / w * l  mm* snd  decomposed r a p i d l y  a t  1 9 0 °  was 
i s o l a t e d  a s  a  t h i c k  o i l ;  y i e l d  2*3® g* (IX. )•  The 
i r o d u c t ,  w h ich  g a v e  a r e d  f e r r i c  c h l o r i d e  t e s t ,  c o u ld  
b e  f u r n i s h e d  i n  a l m o s t  q u a n t i t a t i v e  y i e l d  i f  a 1®/ e x c e s s  
o f  r e a g e n t  w ere  used*
I t  was fo u n d  t h a t  t h e  d i s t i l l a t e  a b o v e  s o l i d i f i e d  
o v e r n i g h t  a f f o r d i n g  a o r o d u c t  w h ich  c r y s t a l l i s e d  from 
£ - p e n t e n e  s e  c o l o u r l e s s  p r i s m s  oup* 4 9 - 5 1 °  (Found*
0, 61 * 85 ;  H, 7*2;  OX, 16*3* ® 1 1 ^ 1 5 ^ 2 ^  r e q u i r e s
C, 61*55 ;  H, 7*0 ;  C l ,  16• 5/=)• The p r o d u c t  w h ich  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  ( c a r b o n  t e t r a c h l o r i d e ,
5*0 mm* c e l l s )  a t  1811 cm? 1 (p se u d o  a c i d  c h l o r i d e )  was 
a s s i g n e d  s t r u c t u r e  (LXXVI),
"t -vl ~S- p t i lvlblcyolol3i:?>.]3 oc*gn-7-orie-l-.goptp.te
T L IX t  R« p j
A s o l u t i o n  o f  t h e  p s e u d o  a c i d  c h l o r i d e  (114 m g ,)  
i n  d ry  m e t h a n o l  (20 m l* )  was r e f l u x e d  on a s te am  b a t h  
f o r  3 h r s *  w i t h  one e q u i v a l e n t  o f  sodium m e t h o x i d e  
( sodium 112*2 mg*))* E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d
an o i l y  m i x t u r e  which was t h o r o u g h l y  washed w i t h  e t h e r *  
I v a p o r r t l c n  o f  e t h e r  a f f o r d e d  t h e  •:« t o - e o t e r  (hIX; R s^ e )  
a s  a c o l o u r l e s s  o i l ;  y ie ld  108 mg* (98/<)* A s am p le
had  B»P# 6 Q ° / 0 . 0 3  m o . ,  n55 1 . 4 7 1 9 ,  (Bounds C,
D
H, 3 . 8 5 .  C1 2 Hl 8 0 r e o u l r e s  C, 6 3 .5 5 1  H, 8 .6 5 ,  J .
The p r o d u c t  exh ib ited  a c h a r a c t e r i s t i c  In fra -red  
absorption  spectrum, markedly d i f f e r e n t  from that of the  
k e t o -e s t e r  (XXXII; R* e )  with one band a t  1743 cm?*
( c a r b o n  t e t r a c h l o r i d e ,  5*0 mm* c e l l s )  ( c y e lo p e n ta n o n ©
and c a r b o m e t h o x y l )  and  a d i s t i n c t i v e  band a t  1108 cm#1 ( f i lm )
X -lg -C n p b e tM ? g .a o .e l? .lJ .-5 -m e th y A fe lc ^ o lo .l3 « 3 ia  n o n g n - |-o .n e
A so lu t io n  of the d io n e -d te s te r  (XCII; RrSuJk))
(2*30  g * )  i n  d ry  b e n z e n e  (30  m l* )  was a d d ed  t o  a  s o l u t i o n  
o f  o - t o l u c n e s u l p h o n i c  a c i d  (150  mg*) i n  d r y  b e n z e n e  140 ml*)  
and t h e  s o l u t i o n  r e f l u x e d  g e n t l y  f o r  18 h r s *  The c o o l e d  
s o l u t i o n  was washed w i t h  d i l u t e  sod ium  c a r b o n a t e  s o l u t i o n ,  
w a t e r  and d r 1ed o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  
o f  s o l v e n t  a f f o r d e d  a t h i c  : r e d  o i l  w h ich  on f r a c t i o n a t i o n  
a f f o r d e d  t h e  d l o n e - e s t e r  (XC) a s  a  p a l e  y e l l o w  o i l  
b*p* 1 3 8 - 1 5 0 0/ 0 *- mrn*J y i e l d  1*25 g* (753>)* A s a m p le
h a d  fc .p .  1 4 0 ° / 0 . 0 3  mm., n2 5 1 . 4 9 2 5 .  (Founds C, 6 8 . 1 ;
D
8*4* ^15**22 ° 4  r e p u i r e s  C, 6 7 *o 5 ;  H, 8•  35/ ) •  The
p r o d u c t  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  b a n d s  a t  1706 emT1 
( c y c l o h e x e n o n e ) ,  1740 cm*1 ( c a r b o e t h o x y l )  an d  a t  1643 a n d  
1618 era*1 ( e n o l i s a b l e ( i - k e t o - e s t e r ) • Tae p r o d u c t
e x h i b i t e d  an u l t r a - v i o l e t  maximum a t  (€ 3*5^ 0 ) i n
e t h a n o l  an d  a t  f f C t p  (€1 3 , 5 0 0 ) i n  e t h a n o l  c o n t a i n i n g  
1/ II bodium h y d r o x i d e  which  t a k e n  w i t h  t h e  v i o l e t  
c o l o u r  w i t h  f e r r i c  c h l o r i d e  was ©Iso  t y p i c a l  o f  a n  
© n o l i s a b l e  /3-  e to -© st@ r*
&mnr%-&wJJeM2W.
A s o l u t i o n  o f  t h e  d l o n e - e s t o r  (XC) (210  nig;#) i n  
m e t h a n o l  (5 0  ml*)  was g e n t l y  r e f l u x e d  w i t h  d i l u t e  
e u l o h u r l c  a c i d  (10  ml*)  f o r  1*5 hr*  T e  c o o l e d  
s o l u t i o n  w^s p o u re d  i n t  i c e - w a t e r  (250 m l# )  and 
e x t r a c t e d  w i t h  e t  e r  (2 x 1 ) 0  mi*)* The c o m bin ed  e t h e r  
e x t r a c t s  w e re  washed w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  
s o l u t i o n ,  w a t e r  and  d r i e d  o v e r  magnesium s u l p h a t e *  
E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  t h e  d l o n e  (LXXXIV) a s  a 
o a l e y e l l o w  o i l ;  y i e l d  133 mg* ( 90^ ) #  The p r o d u c t  
h a d  an  i d e n t i c a l  i n f r a - r e d  s p e c t r u m  w i t h  t h a t  o f  t h e  
d i o n e  r e  >ared by h y d r o g e n  i o d i d e  d e c o m p o s i t i o n  o f  t h e  
d i a s o k e t o n e  (LXXXXXX)* The c o r r e s p o n d i n g  b 1 ^ - 2 ; 4 -  
5I n i t r o p h e n y l h y & r s z o n e s  were  i d e n t i c a l  (m#p* 5 m ixed  m*p# 
a n d  u l t r a - v i o l e t  sp e c t rum }*
' • t t  emu t e d  c o n d e n s a t i o n s  of d l o n e - e s t « e r  , (.vi) w»te  a c e t o n e *
( a )  ■ s o l u t i o n  o f  t h e  d i o n e - e s t e r  (224 mg*) i n  d r y
b e n z m r  (3 0  m l#)  c o n t a i n i n g  a c e t o n e  (8 2  mg*) was s t i r r e d  
a t  room tern e r a t u r e  f o r  2  h r s #  w i t h  a n h y d r o u s  e t h a n o l  
( 1 0  d r o p s )  an d  p i p e r i d i n e  (5 d r o p s ) *  G l a c i a l  a c e t i c  
a c i d  (5  d r o n e )  wo s  added  and  t h e  s o l u t i o n  s t i r r e d  f o r  1 h r*
a t  room tern e r a t u r e ,  t h e n  washed w i t h  w a t e r  (2  x 15 m l* )  
a n d  d r ‘ ed o v e r  m a g n a i u m  s u l p h a t e #  E v a p o r a t i o n  o f  
s o l v e n t  a f f o r d e d  a n  o i l  (224 mg*} i d e n t i c a l  w i t h  
s t a r t i n g  m a t e r i a l  ( i n f r a - r e d  and  u l t r a - v l l e t  s p e c t r a ) #
( b )  A s o l u t i o n  o f  t h e  d i o n e - e s t e r  (218 mg*) I n  dry  
b e n z e n e  (50  m l*)  c o n t a i n i n g  a c e t o n e  (185 m g *) ,  g l a c i a l  
a c e t i c  a c i d  (40  - g # ) and  ^ - a m l n o c a p r o i e  a c i d  (4 mg*) 
wee r e f l u x e d  v i g o r o u s l y  f o r  12 h r s # ,  u n d e r  a o o x h l e t  
e x t r a c t i o n  (60  ml* c a p a c i t y )  c o n t a i n i n g  d r y  a c e t o n e  (5  m l* ) ,  
d r y  b e n z e n e  (15  m l . )  a n d  b l u e  s i l i c a  g e l  t o  t r a p  any 
w a t e r  formed d u r i n ;  t h e  r e a c t ' o n *  The c o o l e d  s o l u t i o n  
was washed w i t h  d i l u t e  sodium c a r b o n a t e  s o l u t i o n ,  w a t e r
and  d r ^ e d  o v e r  magnesium s u l p h a t e #  E v a p o r a t i o n  o f  
s o l v e n t  a f f o r d e d  an  o i l  (215  mg*) i d e n t i c a l  w i t h  
s t a r t i n g  m a t e r i a l  ( i n f r a - r e d  and  u l t r a - v i o l e t  s p e c t r u m ) *
( c )  A s o l u t i o n  o f  t h e  d i o n e - e s t e r  (214 m g .)  i n  
b e n z e n e  (12 ml*} c o n t a i n i n g  a c e t o n e  (20  m l # ) ,  
o a m l n o c a p r o i c  a c i d  (5 0 0  mg*) and g l a c i a l  a c e t i c  a c i d  
(1 m l * ) was r e f l u x e d  f o r  5 h r s *  u n d e r  a  d e a n  and & ta r k  
a n o a r e t u s  c o n t a i n i n g  b l u e  s i l i c a  g e l *  The c o o l e d
g e l u t i o n  was washed w i t h  w a t e r  (4 x 25  ml*} and  d r i e d  
o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n '  o f  s o l v e n t  a f f o r d e d  
a n  o i l  (214 m g .)  i d e n t i c a l  w i t h  s t a r t i n g  m a t e r i a l  
( i n f r a - r e d  and  u l t r a - v i o l e t  s p e c t r a , ) *
( d )  Dry h y d r o g e n  c h l o r i d e  was passed.  I n t o  a s o l u t i o n
o f  t h e  d i o n e - o g t e r  (525  m g.)  i n  d ry  a c e t o n e  (40  m l . )  a t  
0 °  f o r  2 h r s .  a n d  t h e  s a t u r a t e d  s o l u t i o n  a l l o w e d  t o  
s t a n d  i n  a s t o p p e r e d  f l a s k  a t  0 °  f o r  36 h r s .  The 
s o l u t i o n  was p o u r e d  on t o  c r u s h e d  i c e  (200 g * ) ,  
n e u t r a l i s e d  w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n  
a n d  e x t r a c t e d  w i t h  e t h e r  (3  x 100  ml*)*  The 
com bined  e t h e r  e x t r a c t s  w ere  - a s h e d  w i t h  w a t e r  and  d r i e d  
o v e r  ognesium s u l p h a t e *  E v a p o r a t i o n  o f  a d v e n t  a f f o r d e d  
r n  o i l  w h ich  r a p i d l y  t u r n e d  v i o l e t  w i t h  l o s s  o f  h y d r o g e n  
C h l o r i d e *  h e n  p i p e r i d i n e  (10  m l . )  was added  t o  a  
s o l u t i o n  o f  t h e  o i l  t h e  e t h e r  (100  m l . ) ,  a  v i g o r o u s  
e x o t h e r m i c  r e a c t i o n  e n s u e d .  A s o l u t i o n  o f  p i p e r i d i n e  
(4  m l . )  i n  e t h e r  (100 m l . )  was add ed  t o  th e  c o o le d  
s o l u t i o n ,  a n d  t h e  m i x t u r e  s h a k e n  v i g o r o u s l y  I n  a  
s t o p p e r e d  f l a s k  a t  room t e m p e r a t u r e  f o r  65  h re*  
i ' I p e r i d i n e  h y d r o c h l o r i d e  was s e p a r a t e d  by f i l t r a t i o n  a n d  
t h e  f i l t r a t e  washed, w i t h  d i l u t e  s u l p h u r i c  a c i d ,  d i l u t e  
sod ium  c a r b o n a t e  s o l u t i o n ,  w a t e r  an d  d r i e d  o v e r  magnesium 
s u l p h a t e *  . v a p o r© t io n  o f  s o l v e n t  and  r e s l t y l  o x i d e ,  by
warm ing  u n d e r  r e d u c e d  p r e s s u r e ,  a f f o r d e d  a  t h i c k  r e d -  
b l a c k  o i l  (400  mg*} w h ich  was p a r t i a l l y  p u r i f i e d  by 
c h r o m a t o g m p h y  on s i l i c a ,  t h e  o i l y  p roduct .  (360  mg*) 
b e i n g  e l u t e d  w i t h  5 0 , c h l o r o f o r m - b e n z e n e *  The i n f r a ­
r e d  sp e c t r u m  o f  t h e  p r o d u c t  was s i m i l a r ,  b u t  n o t  
i d e n t i c a l ,  t o  t h a t  o f  t h e  s t a r t i n g  m a t e r i a l *  The
u l t r a - v i o l e t  s p e c t r u m  of  t h e  p r o d u c t  was a l s o  s i m i l a r ,  
b u t  n o t  i d e n t i c a l ,  w i t h  s t a r t i n g  m a t e r i a l  h a v in g  a 
maximum a t  2A2mp (€6 , 2 7 0 ) i n  e t h a n o l  and  a t  266ny*
( £ 1 1 ,7 0 0 )  i n  e t h a n o l  c o n t a i n i n g  1, I k  sodium h y d r o x id e *
A s o l u t i o n  of  t h e  p r o d u c t  i n  m e t h a n o l  (20  m l . )  was 
r e f l u x e d  w i t h  d i l u t e  s u l p h u r i c  a c i d  ( 3c ml*)  f o r  1*5 h r s *
The c o o le d  s o l u t i o n  was d i l u t e d  w i t h  wa e r  (100 ml*)  and 
e x t r a c t e d  w i t h  e t h e r  (3 x 50 ml*)*  The combined e t h e r  
e x t r a c t s  ? e r e  washed w i t h  s a t u r a t e d  sodium b i c a r b o n a t e  
s o l u t i o n ,  w a t e r  and d r i e d  o v e r  magnesium s u l p h a t e *  The 
sodium b i c a r b o n a t e  e x t r a c t  a f f o r d e d  no a c i d i c  m a t e r i a l *  
v s o o r s t l o n  o f  s o l v e n t  a f f o r d e d  a n  o i l  which  was p u r i f i e d  
by f i l t r a t i o n  t h r o u g h  a s h o r t  column of  s i l i c a ,  t h e  
p r o d u c t  (200  mg*) b e i n g  e l u t e d  w i t h  lQ% c i l o r o f o r m - b e n z e n e *  
The i n f r a - r e d  s p e c t r u m  o f  t  e p r o d u c t  was I d e n t i c a l  w i t h  
t h a t  o f  t h e  d i o n c  (LXXXIY) p r e p a r e d  by h y d r o g e n  I o d i d e  
d e c o m p o s i t i o n  of  t h e  b i & z o k e t o n e  (LXXXIII)* The p r o d u c t  
w h ich  showed no u l t r a - v i o l e t  a b s o r p t i o n  a f f o r d e d  a  b l s - P t d -  
d i n i  t r o p h e n y l h y d r a z o n e  I d e n t i c a l  (m#p*; m xed  m.p* and  
u l t r a - v i o l e t  s p e c t r u m )  w i t h  t h a t  o f  t h e  d l o n e  (LXXXIV)* 
» o e to m e t h y l  5 - ^ e t h y l b t c y o 1 q [ 3 i  3»l3 noR."r;- 5 - o n c - X - o s r b o x v l s t f e
SMSM.1
a s o l u t i o n  o f  t h e  k c t o - a c i d  (XXXIIJ, R»H) (4*63 g * )
I n  d ry  e t h a n o l  (SO m l* ) was n e u t r a l i s e d  t o  p h e n o l p h t n a l e i n  
w i t h  en  e t n a n o l l e  p o t a s s i u m  h y d r o x i d e  s o l u t i o n *  R e d i s t i l l e d  
c h l o r o a c e t o n ©  (7*0  g * , 3 e q u i v a l e n t s )  was a d d ed  an d  t h e
s o l u t i o n  r e f l u x e d  w i t h  s t i r r i n g  f o r  3 h r s . ,  p o t a s s i u m  
c h l o r i d e  b e i n g  a l m o s t  c o m p l e t e l y  p r e c i p i t a t e d  w i t h i n  
15 m in .  f t e r  e v a p o r a t i o n  o f  s o l v e n t  u n d e r  r e d u c e d  
p r e s s u r e ,  t h e  p r o d u c t  m-a p o u re d  I n t o  w a t e r  (150 m l . )  
and  e x t r a c t e d  w i t h  e t h e r  (2 x 50 m l . ) .  The com bined  
e t h e r  e x t r a c t s ,  w ere  washed w i t h  s  - t u r a t e  sod ium  c a r b o n a t e  
s o l u t i o n ,  s a t u r a t e d  a ro n lu m  s u l p h a t e  s o l u t i o n  a n d  d r i e d  
o v e r  magnesium s u l p h a t e .  E v a p o r a t i o n  o f  s o l v e n t  
a f f o r d e d  t h e  a c e t o l  e s t e r  a s  a m o b i l e  o i l  p . p .  148°/0 .05mm 
n f 2 1 . 4 9 1 0 ;  y i e l d  5 . 3 2  6* (89&(Found:  C, 6 6 . 0 ;
' V ’
h ,  7 . 7 .  <J14H2w^4 reau*ree  6 6 . 6 5 ;  H, B.O/i) .
The p r o d u c t  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  1735 craT1 
( a c e t o c s r b o m e t h o x y l )  and 1705 c r u 1 ( e v e l o b e x a n o n e )•
11em i t  ed bjrc 11 g:;.tl ,pn o f . J ^ j ^ t p l - e s t e r . , „ ( . aC IY |
( a )  a s o l u t i o n  o f  t h e  a c e t o l  e s t e r  (250  m g.)  In  d r y  
b e n z e n e  (15 m l . )  was r e f l u x n d  f o r  2  h r s .  w i t h
d i e t h y l a m i n a  (1 m l . )  and p y r i d i n e  (1 m l . ) .  The c o o l e d  
s o l u t i o n  was washed w i t h  d i l u t e  h y d r o c h l o r l c  a c i d ,  d i l u t e  
sod ium  b i c a r b o n a t e ,  w a t e r  and d r i e d  o v e r  magnesium 
s u l p h a t e .  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a  c o l o u r l e s s  
o i l  (225  m g . ) ,  t h e  I n f r a - r e d  s p e c t r u m  o f  w h ic h  was 
I d e n t i c a l  w i t h  t h a t  o f  s t a r t i n g  m a t e r i a l .
( b )  A s o l u t i o n  o f  t h e  a c e t o l  e a t e r  ( 2 JO m g . ,  0 . 8  m .m o le )  
I n  m e t h a n o l  (5  m l . )  was t r e a t e d  w i t h  0.11^ sod ium  
h y d r o x i d e  (8  m l * ) .  The s o l u t i o n ,  w h ich  became e x o t h e r m i c
was a l lo w e d  t o  s t a n d  a t  room t e r n o e r a t u r o  f o r 12 h r s #  
t h e  s o l u t i o n  was p o u red  i n t o  w a t e r  (5 - ml#)  and  e x t r a c t e d  
w i t h  e t h e r  (2 x 20 ml*)* The combined  e t h e r  e x t r a c t s  
w e re  washed w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n ,  ' 
w a t e r  and d r i e d  o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  o f  
s o l v e n t  a f f o r d e d  an o i l  ( 6  m g * ) ,  t h e  i n f r a - r e d  s p e c t r u m  
o f  w h ich  was i d e n t i c a l  w i t h  t h a t  o f  s t a r t i n g  m a t e r i a l *
The a l k a l i n e  e x t r a c t  was c a r e f u l l y  f . c l d i f i e d  w i t h  d i l u t e  
s u l p h u r i c  a c i d ,  s a t u r a t e d  w i t h  ammonium s u l p h a t e  and 
e x t r a c t e d  w i t h  e t h e r  (2  x 5 J n l * )•  The combined 
e t h e r  e x t r a c t s  w ere  washed w i t h  s a t u r a t e d  ammonium 
s u l p h a t e  s o l u t i o n  and d r i e d  o v e r  ma nes ium  s u l p h a t e *  
van  r a t i o n  o f  s o l v e n t  a f - o r & e d  a  t h i c  o i l  (125  rag*), 
t h e  I n f r a - r e d  s p e c t r u m  o f  w h ic h  was v e r y  s i m i l a r  t o  t h a t  
o f  t h e  k e t o - a c i d  (XXXII; Rsli)*
( c ) • A s o l u t i o n  o f  t h e  a c e t o l  e s t e r  ( 5 J 0  mg*, 2 m .m o le )  
i n  d r y  x y l e n e  (20  m l . )  was r e f l u x e d  f o r  2 h r s *  w i t h  a 
s o l u t i o n  o f  p o t a s s i u m  t - b u t o x i d e  ( o o t a s s l u m  (120  m g . ,
3 6 .  a to m ) )  i n  x y l e n e  (5  m l . )  u n d e r  a  n i t r o g e n  a t m o s p h e r e .  
The c o o l e d  r e d  m i x t u r e  was a c i d i f i e d  w i t h  d i l u t e  
h y d r o c h l o r i c  ©old and  t h e  s e p a r a t e d  x y l e n e  l a y e r  washed 
w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n ,  w a t e r  an d  
d r i e d  o v e r  magnesium s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  
u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  en  o i l  (435  m g . ) ,  t h e  
i n f r a - r e d  s p e c t r u m  o f  w h ich  was I d e n t i c a l  w i t h  t h a t  o f  t h e  
s t a r t i n g  m a t e r i a l .
( d )  s o l u t i o n  o f  t h e  a c e t o l  e s t e r  (112 mg#) i n  
b e n z e n e  (20  m l . )  was r e f l u x e d  f o r  3 h r s*  w i t h  a  d r y  
s o l u t i o n  o f  e x c e l s  n a p h t h a l e n e - S - s u l p h o n l c  a c i d  i n  
b e n z e n e  (5  m l . } .  The c o o l e d  s o l u t i o n  was washed 
w i t h  sodium c a r b o n a t e  s o l u t i o n ,  w a t e r  a n d  d r i e d  o v e r  
m agnesium s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d
an  o i l  (103 m g . ) ,  i d e n t i c a l  w i t h  s t a r t i n g  m a t e r i a l *
( o )  A s o l u t i o n  o f  m e t h y l s n i l i n o m a g n e s i u m  b ro m id e  i n  
b e n z e n e  u n d e r  n i t r o g e n  was p r e p a r e d  a c c o r d i n g  t o  m ethod  
o f  : i o l s e n ,  G ibbons  an d  Eimmemann ( 8 ) a n d  s t a n d a r d i s e d *
A s o l u t i o n  o f  t h e  a c e t o l  e a t e r  {250 mg*, 1 m .mole)  i n  
b e n z e n e  (15  m l . )  was a d d e d  t o  one  e q u i v a l e n t  o f  a
f r e s h l y  p r e p a r e d  s o l u t i o n  o f  t h e  r e a g e n t  i n  b e n z e n e  (5  ml.
a n d  tn© s o l u t i o n  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r
2 h r s *  u n d e r  n i t r o g e n *  The s o l u t i o n  was washed w i t h  
d i l u t e  h y d r o c h l o r i c  a c i d  (4 x 16 m l . ) ,  w a t e r  and  d r i e d  
o v e r  magnesium s u l p h a t e .  e v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  
a n  o i l  (2 3 J mg*),  t  e  i n f r a - r e d  s p e c t r u m  o f  w h ic h  was 
v ery  s i m i l a r  t o  t h a t  o f  s t a r t i n g  m a t e r i a l  b u t  e x h i b i t e d  
a  weak b an d  a t  3500 cm? 1 ( h y d r o x y l ) *
A t tem p ted  a 1 k y l a , t  1 o n ^ o f ^ j i e  k e t c  - o s  t e r  U  A l l ;  H s . q )  w i t h  
e t h y l .  .g^broTpifiObu
A s o l u t i o n  o f  t h e  k e t o - e s t e r  (490 mg*, 2 *3  ©.mole)  
i n  d ry  b e n z e n e  (50  m l . )  was r e f l u x e d  w i t h  c r y s t a l l i n e  
a o d am ld a  (180  m g . ,  4*6 m .m ole)  f o r  20 a r e .  w i t h  v i g o r o u s
s t i r r i n g  u n d e r  & n i t r o g e n  a t m o s p h e r e  u n t i l  e v o l u t i o n  
o f  ammonia c e s s e d *  To t h e  c o o l e d  s o l u t i o n  was a d d e d  
a  s o l u t i o n  o f  e t h y l  o f -b ro m o ie o b u ty ra t©  (455 mg*, 2 . 3  m.raolaf 
i n  d ry  b e n z e n e  (15  m l . )  o v e r  0 . 2 5  h r * ,  and  t h e  s o l u t i o n  
s t i r r e d  a t  room t e m p e r a t u r e  f o r  0*5 nr* 0  no 
sodium b ro m id e  p r e c i p i t a t e d  from t h e  s o l u t i o n ,  t h e  
s o l u t i o n  was g e n t l y  r e f l u x e d  f o r  5 h r s *  The c o o le d  
s o l u t i o n  was a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  a c i d ,  t h e  
b e n z e n e  l e v e r  s e p a r a t e d ,  washed  w i t h  w a t e r  (6 x 20  m l* )  
ar. ; d r i e i  o v e r  magnesium s u l p h a t e *  v a p o r o t l o n  o f  
s o l v e n t  a f f o r d e d  an  o i l  f rcm  w hich  u n changed  e t h y l  
<*- b r o m o i e o b u t y r s t ©  was removed by p r o l o n g e d  warming 
u n d e r  rc  uced  p r e s s u r e .  The i n f r a - r e d .  s p e c t r u m  o f  t h e  
p r o d u c t  ( 3AO mg*) was i d e n t i c a l  w i t h  t h a t  o f  t h e  
s t a r t i n g  m a t e r i a l *
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T h e o r e t i c a l
( F o rm u la e  f l o w s h e e t s  f o r  t h i s  s e c t i o n  on p* 1 7 0 ) •
The main  c o n c l u s i o n  draw n from t h e  i n v e s t i g a t i o n s  
d e s c r i b e d  i n  P a r t  One was t h a t  a  p r e c u r s o r  w i t h  a 
c a r b o n y l  g ro u p  a t  C j  o f  t h e  b l o y c l o  C3*35l ]  nonan© s y s t e m ,  
e*g* ( XXXII; RsH),  was n o t  t h e  most  f a v o u r a b l e  f o r  t h e  
e l a b o r a t i o n  o f  r i n g  C o f  c io v e n e *  I t  was r e a d i l y  s e e n  
t h a t  n more u s e f u l  i n t e r m e d i a t e  would  b e  5 - m e t h y l b l e y c l o ­
ths 3s 9  n o n - 2 - o n e - l - c a r b o x y l t c  a c i d  ( C L I I I j  RsH) ,  
p o s s e s s i n g  t h e  c a r b o n y l  g r o u p  i n  t h e  0^ p o s i t i o n  a d j a c e n t  
t o  t h e  c a r b o x y l  f u n c t i o n *  In  t h i s  compound t h e  r e a c t i v e  
c a r b o n y l  and c a r b o x y l  f u n c t i o n s  a r e  s i t u a t e d  a t  t h e  
c o r r e c t  ** Junction** p o i n t s  f o r  e l a b o r a t i o n  t o  t h e  f i v e -  
m e " b a r e d  r i n g  o f  c io v e n e *  T h i s  would c i r c u m v e n t  t h e  
d i f f i c u l t y  e x p e r i e n c e d  i n  t h e  e a r l i e r  work w he re  t h e  
c a r b o n y l  g r o u p  i n  t h e  k o t o - a c i d  (XXXII; H*hJ had  o n ly  a 
weak a c t i v a t i n g  i n f l u e n c e  on t h e  a d j a c e n t  Cg> p o s i t i o n ,
1*e* t h e  p o s i t i o n  where  c o n d e n s a t i o n  m ust  n e c e s s a r i l y  
o c c u r  l f e y o i l s a t i o n  t o  t h e  c i o v e n e  s k e l e t o n  w ere  t o  
s u c c e e d *  The p l a c i n g  o f  t h e  c a r b o n y l  g r o u p  i n  t h e  Cg 
p o s i t i o n  o f  t h e  k e t o - a c i d  (CLIIXf RsH) s a o u i d  b o t h  o f f - s e t  
t h e  d i f f i c u l t i e s  e n c o u n t e r e d  p r e v i o u s l y  i n  t h e  e l a b o r a t i o n  
o f  t h e  b r i d g e - h e a d  c a r b o x y l  g r o u p  and h e l p  t o  d i m i n i s h  
t h e  s t e r i c  p rob lem s  p r e v i o u s l y  e x p e r i e n c e d *
I t  was n o t e d  ( s e e  l i t *  r e v i e w  p * p * 5 ^  - 7 5 )  %h 
Cone and iynerho lm  ( I P 3) had s y n t h e s i s e d  b i c y c l e  (3 * 3 * 3  " 
n o n - 3 - e n e - 9 - o n e - l - c a r b o x y l i c  a c i d  (OXXXIXI RsH) 
c o n t a i n i n g  t h e  c a r b o x y l  f u n c t i o n  i n  t h e  d e s i r e d  C ■* 
p o s i t i o n *  T h i s  r o u t e  a p p e a r e d  t o  b e  s u i t a b l e  f o r  
m o d i f i c a t i o n  t o  f u r n i s h  t h e  d e s i r e d  k e t o - a c i d  
( CLTvI ; R*H)* I n i t i a l l y  t h e  h y d r o g e n  atom had t o  
b e  r e p l a c e d  by a m e th y l  g r o u p j  t h i s  c o u l d  be  b r o u g h t  
a b o u t  by u s i n g  m e t h y l - s u b s t i t u t e d  s t a r t i n g  m a t e r i a l s  I n  
t h e  s y n t h e s e s  o f  t h e  b l o y c l o  (3*3 * l ] n o n a n e  sy s te m *  &ext» 
t h e  Cg, c a r b o n y l  g ro u p  h a d  t o  b e  c o n v e r t e d  t o  m e t h y l e n e ,  
and t h e  r e s u l t i n g  o l e f i n i c - a c i d  (CLV; Rsii) t h e n  o x i d i s e d  
i n  t h e  a l l y l i e  p o s i t i o n  t o  t  © c o n j u g a t e d  k e t o n e  
(CliVT; P«H) which  on h y d r o g e n a t i o n  would a f f o r d  t h e  
d e s i r e d  I c e t o - a e l d  (CLITTj R$h)* I t  s h o u l d  b e  n o t e d  
t h a t  t h e  Og c a r b o n y l  g r o u p  h ad  t o  b e  removed, c o m p l e t e l y  
b e f o r e  i n t r o d u c t i o n  o f  t h e  C2 c a r b o n y l  o t h e r w i s e  
a m b i g u i t y  would a r i s e  I n  t i e  p o s i t i o n  o f  a t t a c k  o f  
r e a g e n t s  on t h e s e  c a r b o n y l  g ro u p s*
Format i o n  o f  t h e  h t c v c l l c  u p  s tem ( g l x )
Cope a n d  dyne rho lm  (123)  s t a r t e d  from 2 - c a r b e t h o x y -  
e y e l o h e x a n o n e ,  b u t  o u r  s t a r t i n g  m a t e r i e l  was 2 - c a r b e t h o x y -
6 - m e t h y l e y o l o h e x a n o n e  (CLVTI), p r e p a r e d  by c o n d e n s i n g
2 - m e t h y l c y e l o h o x a n o n e  w i t h  d i e t h y l  o x a l a t e  and  p y r o l y t l c a l l y  
d © c a r b o n y l s  t i n g  t n e  i n t e r m e d i a t e  d i o n e - e s t e r  (CJLVIII) (131)*  
The k o t o - e s t e r  (OLVl) was condensed  w i t h  r e d i s t i l l e d
a c r o l e i n  a t  * 7 0 ° ,  I n  t h e  p r e s e n c e  o f  c a t a l y t i c  am oun ts
o f  sodium © th o x id e  ( 1 2 3 ) ,  t o  f u r n i s h  t h e  a l&ehy&o- 
e s t e r  (OLIX)* An i n t e r n a l  a i d o l  r e a c t i o n  w i t h  
s i m u l t a n e o u s  d e h y d r a t i o n  was t h e n  e f f e c t e d  by a d d in g  
t h e  f r e s h l y  d i s t i l l e d  a l d e h y d o - e s t e r  t o  v i g o r o u s l y  
s t i r r e d ,  I c e - c o l d  c o n c e n t r a t e d  s u l p h u r i c  a c i d  (123)*
The c r u d e  k c t o - e s t e r  (CLXl RsKt)  was o b t a i n e d  a s  a  
c o l o u r l e s s  o i l  o f  wide  b o i l i n g  r a n g e *  s a p o n i f i c a t i o n  
w i t h  w a r  a q u e o u s  m a t h a n o l i c  sodium h y d r o x i d e  f u r n i s h e d  
t h e  d e s i r e d  c r y s t a l l i n e  > r t o - a c i d  ( CI*Xf Rail)* T h is  
s t r u c t u r e  (GLXi RsH) was a s s i g n e d  t o  t n e  compound on 
t h e  f o l l o w i n g  b a s i s  *-
The I n f r a - r e d  s p e c t r u m  o f  t h e  :? t o - a c i d  e x h i b i t e d  
r P r o a l  band from 3300 t o  23-. ;  qb7 l ( c a r b o x y l ) ,  s t r o n g
#  ^X/TNOTRt -  Two b y - p r o d u c t s  h a v e  b e e n  i s o l a t e d  i n  155, 
y i n  a f r o r  t h e  a d d  t r e a t m e n t  o f  t h e  a l d e h y d o - e s t e r ( CJLIX)* 
One h a s  b e e n  c h a r a c t e r i s e d  (132)  a s  4 - a e t h y l i i y d r i  n d e n e -
7 - c a r b o x y l i c  a c i d  (Gl»XX) ( 1 3 3 ) ,  w h i l e  t h e  o t h e r ,  $13% gO^, 
c o n t a i n i n g  a r e a d i l y  d e c a r b o x y l a t e d  c a r h e th o x y  g r o u p ,  
t o g e t h e r  w i t h  a o y c lo h e x e n o n e  f u n c t i o n ,  ha© b e e n  t e n t a t i v e l y  
a s s i g n e d  s t r u c t u r e  ( C l  XII) o r  ( C L X I I I ) *  An t h e  s t r u c t u r e s  
o f  t h e s e  b y - p r o d u c t s  and  the" m echan ism s f o r  t h e i r  f o r m a t i o n  
by some com plex  r e a r r a n g e m e n t  o f  t h e  I n t e r m e d i a t e  k e t o l -  
e s t e r  (CLXIX), h a v e  p r o v e d  t o  b e  w o r th y  o f  f u l l e r  s t u d y , t h e y  
a r e  being, pursued,  by . i s s  J  h a .v e r i  I n  t o  i s  d e p a r tm e n t*
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band© a t  1705 cm7* ( c y c l o b e x a n o n e )  and  1685 m 7 ^
( c a r b o x y l ) ,  and  e weak band  a t  1630  c ( o l e f l n i c  
d o u b l e  bond)  (33)*  The i n f r a - r e ;  s p e c t r u m  o f  t h e  
c o r r e s p o n d i n g  k e t o - e s t e r  (OLXi BaMei had  b a n d s  a t  
1728 cmr* ( c a rbon)e thoxy1)*  1705 cm?* I c y c l o h e x a n o n e )  
and  weak ban d s  a t  JOQG nd 1637 cro7^ i o l e f i n l c  d o u b l e  
b o n d ) ,  and  a l s o  ah wed u l t r a - v i o l e t  e n d - a b s o r p t I o n  
c a r e c t e r i s t i c  o f  a  d i s u b a t l t u t e d  d o u b l e  bond  (78*79)*
The k e t o - e a t e r  (CLX; R« e)  d i d  n o t  r e a c t  I n  t h e  c o l d  
with 2 i4-d ln itrophenylhydraz ine  (57 )  o r  w i t h  s e m l -  
c a r b a z i d e  a c e t a t e ,  b u t  r e a d i l y  r e a c t e d  w i t h h y d r a z i n e  
hydra te  In warm methanol a f f o r d i n g  a  c r y s t a l l i n e  
vrazolon© (CLXJV)•  As n e i t h e r  of t h e  k e t o - e a t e r a  
(CLXj R* e )  and (CLXi HsiCt) n o r  t h e  a r e n t  k®t o - s o l d  
(CLX; R*rt) gave any c o l o u r  with f e r r i c  c h l o r i d e  s o l u t i o n ,  
t h e  f a c i l e  f o r m a t i o n  o f  a p y r a z o l o n e  I n d i c a t e d  t h e  
p r e s e n c e  o f  a  n o n - e n o l i s a b l e  c e t o - e s t e r *
The p r e s e n c e  o f  the. c a r b o n y l  g r o u p  I n  t h e  k e t o -  
a c l d  (ObX; Rsri) and t h e  k e t o - e a t e r  (ULX; R s i e )  was 
I n d i c a t e d  by t h e  e a s e  i n  w h ich  sodium b o r o h y d r i d e  
t r e a t m e n t  a f f o r d e d  a  c r y s t a l l i n e  h y d r o x y - a c i d  
(CLXV; and a l i q u i d  h y d r o x y - e s t o r  (CLXVjR«:,' e , R / =i»)
r e s p e c t i v e l y *  The l a t t e r  compound, w h ic h  e x h i b i t e d  
i n f r a - r e d  a b s o r p t i o n  a t  3470 e m r l  ( h y d r o x y l ) ,  1720 em ?l  
( c a r b o m e t h o x y l ) ,  3005 a n d  1643 cmyl ( o l e f i n i c  d o u b l e  b o n d ) ,  
was r e a d i l y  r e d u c e d  t o  a  c r y s t a l l i n e  d i a l  ( CLXVI) w i t h
l i th ium  a lu m in iu m  h y d r i d e  t h u s  c o n f i r m i n g  t h e  presence 
of the carbcmethoxyl group* The In f ra - re d  spec tra  o f  
a l l  t h e  a b o ve  compounds e x h i b i t e d  b a n d s  a t  3 0 0 5 , 1 6 4 0 ,  
1500  and  700 cmZ~L9 c h a r a c t e r '  s t l c  o f  t h e  p r e s e n c e  o f  a 
c i B - d i s n b s  1 1 t u t  eft u n c o n j u g a t e d  o l e f i n i c  d o u b l e  bond,in 
a c a r b o c y e l i c  r in g  sy s te m  ( 3 3 * 1 3 4 ) ,  t h e  p r e s e n c e  of 
w h ic h  ??es fu r th e r  confirmed by t h e  d i s t i n c t i v e  ultra** 
v i o l e t  end absorption ( 7 8 ,7 9 ) *
The oresence of a d o u b l e  bond In the k to -ae ld  
(OLX; Rau) was proved by the  slow uptake of one mole 
e ru !va len t  of hydrogen over 10% palladium-charcoal 
a f fo rd ing  a dihydro ke to -ac ld  (CLXVII) which was 
t r an sp a ren t  in the u l t r a - v i o l e t *  tydrcgenatlon  of 
t h e  koto-acid  (OLX; Ran) over Adam's  c a t a l y s t ,  however, 
r e s u l t e d  in t h e  ready uptake o f  two mole  equivalen ts  of 
hydrogen and production of a h y drox y  a c i d  (CLXVXII)*
The p r e s e n c e  of t h e  d o u b l e  bond i n  t h e  e t o - a c i d  
(CL>; Rsli) seemed p r o v e n  and i t  was placed a s  shown 
from considera t ion  of t h e  mechanism o f  i t s  in troduction* 
The e l d e h y d r - e s t e r  (CLIX) must undergo a su lphuric  ac id  
ca ta lysed  internal,  a l d o l  reac t ion  a f f o r d i n g  © hydroxy-  
k e t o - e s t e r  (CLXIX) which on dehydration u s t  fu rn ish  
t h e  k e to - e s te r  (CLX; EsEt)* I f  t h e  double bond were 
c a p a b l e  of migration to  i& g /v *  p o s i t io n ,  one would 
expect an e q u i m o l a r  mixture of  two d o u b l e  bond I s o m e rs  
(GLXXf F « - t ) an d  (GLX| .t)* However ,  we have Bnown
t h a t  t h e  k e t o - a c i d  (OLXj R -a )  i s  r e c o v e r e d  c o m p l e t e l y  
u n c h a n g e d  a f t e r  r e f l u x i n g  w i th  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d ,  ( c o n d i t i o n ©  w hich  s h o u l d  h a v e  b r o u g h t  
a b o u t  i s o m e r i z a t i o n  I f  t h e  d o u b l e  bond  w ere  l a b i l e ) *
Thus t h e r e  was no e v i d e n c e  a t  t h i s  s t a g e  t o  e g g e e t  
t h a t  t h e  d o u b l e  bond was n o t  i n  t h e  £s? p o s i t i o n *
I t  should, b© noted th a t  with t h e  i n t r o d u c t i o n  o f  
a Or h y d r o x y l  g r o u p ,  t h e  p o s s i b i l i t y  o f  © o im er ic  
h y d ro x y  compounds a r i s e s .  I t  would  a p p e a r  from th© 
m e l t i n r  n o i n t s  o f  t h e  c r u d e  h yd rox y  compounds i n  t h i s  
s e r i e s  t h a t  a  m i x t u r e  o f  e p im e r s  was p ro d u ced *  I n  
g en e ra l ,  c r y s t a l l i s a t i o n  d i d  n o t  Im prove  t h e  m e l t i n g  
^ o l n t s  o f  t h o s e  compounds,  although r e p e a t e d  s u b l i m a t i o n  
gene ra l ly  r e s u l t e d  i n  t h e  i s o la t io n  o f  one  s h a r p l y  
melting ©pi- ©r* ' s  the e n v i r o n m e n t  o f  the c a r b o n y l
g r o u p  I n  t h e  P r t o - a c i d  (GLXj RsH} or I n  t h e  Ice t o -  
e s t e r  (OLX; R« e )  l a  a l m o s t  u n i f o r m  i t  i s  I m p o s s i b l e  
t o  h a z a r d  a g u e s s  ©s t o  which e p i m e r l o  h y d ro x y  compound 
s h o u l d  be ^ o r e  read i ly  f o r c e d  o r  the more r e a d y  t o  
s u b l i m e ;  b u t  from l a t e r  work i t  see- ed t h a t ,  u n d e r  
t h e  v i g o r o u s  r e  u c l n g  c o n d i t i o n s  em ployed ,  a l m o s t  
e q u i m o l a r  m i x t u r e s  o f  t h e  ©pirn©re w ere  form ed*
t h e n  m o d i f i c a t i o n s  o f  t h e  c a r b o n y l  g r o u p  o f th ©  
k e t o - e o t e r  (CLXj Rs:.e)  a n d  r e a c t i o n s  f  t h e  c o r r e s p o n d i n g  
h y d r o x y - e s t e r s  (CLXV; R* ©, l*/set) w e re  u n d e r t a k e n ,  a  
l a c  fc o f  r e a c t i v i t y  was e n c o u n t e r e d  w h ich  c a n  b e s t  b e
e x p l a i n e d  i n  t e rm s  o f  t h e  e t e r i c  h i n d r a n c e  a s s o c i a t e d  
w i t h  © t e t r a h e d r a l  d i s p o s i t i o n  a t  t h i s  p o s i t i o n ,  
e * g * * i t  was i m p o s s i b l e  t o  form t h e  d lo x o la n ®  (45*46)  
of  t - e  c a r b o n y l  g r o u p  a t  Cq In  t h e  :-te t o - e s t e r  (CLXj EsM®}. 
In  a d d i t i o n  t h e  h y d r o x y - e s t e r  (oL\V$ R* e ,  H/ »4) r e a c t e d  
v e r y  s l o w l y  w i t h  a c e t i c  a n h y d r i d e  i n  p y r i d i n e  a t  room 
t e m p e r a t u r e *  c o m p l e t e  a o e t y l a t i o n  o f  t h e  h y d r o x y l  
g r o u p  was o n ly  s a t i s f a c t o r i l y  a c h i e v e  by r e f l u x i n g  
t h e  h y d r o x y - e s t e r  w i t h  sodium a c e t a t e  i n  a c e t i c  
a n h y d r i d e *  The I n f r a - r e d  s p e c t r u m  o f  t h e  c r u d e  
o r o n u c t  e x h i b i t e d  a  b r o a d  band  a t  1735  cm7^ ( c a r b a ­
rn e th o x y  1 and a c e t a t e ) ,  b u t  no a b s o r p t i o n  a t  3478 cm?! 
( h y d r o x y l ) *  A s t r o n g  b? nd t  1658 e r r y l  i n  c o n j u n c t i o n  
w i t h  a n  u l t r a - v i o l e t  maximum a t  241s^l (S20OO-3GOO) 
i n d i c a t e d  c o n c o m i t a n t  r e a r r a n g e m e n t  o f  t o e  h y d r o x y - e s t e r  
t o  ano( or/ i  sy3- d i  s u b s t i t u t e d ^  s ^ - u n s a t u r a t e d  
c a r b o n y l  s y s te m  ( 1 3 5 ) .  C hrom atography  o f  t h e  c r u d e  
a c e t a t e - e s t e r  on a lu m i n a  a f f o r d e d  t h e  d e s i r e d  l i q u i d  
a c e t a t e - e s t r r  CLXV; R s - e ,  R/ sCG*GH^J on e l u t i o n  w i t h  
5 b e n z e n e - l i g h t  p e t r o l e u m  (b*p* 6 0 - 80° ) •  F u r t h e r  
e l u t i o n  w i t h  50% e t h e r - b e n a e n e  a f f o r d e d  s m a l l  am oun ts  
o f  th© o i l y  b y - p r o d u c t ,  b u t  a s  t h e  i s o l a t i o n  o f  p u r e  
r e a r r a n g e d  m a t e r i a l  p r o v e d  d i f f i c u l t y  t h e  n a t u r e  o f  t h i s  
r e a r r a n g e m e n t  h a s  n o t  y e t  b e a n  e l u c i d a t e d *  I t  s h o u l d  
b e  n o t e d  t h a t ,  when t h e  n y d r o x y - e s t e r  was t r e a t e d  w i t h  
a c e t i c  a n h y d r i d e  i n  p y r i d i n e ,  t h e  I n f r a - r e d  s p e c t r u m  a g a i n
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showed t h e  an o m a lo u s  maximum a t  1650 cwi#^, a l t h o u g h  
t h e  h y d r o x y - e s t e r  was r e c o v e r s  u n c h a n g e d  when r e f l u x e d  
w i t h  o y r l t f l n e  a lo n e *  T h ere  was o n l y  very  s low  
r e a c t i o n  w an t h e  h y d r o x y t e s t e r  was t r e a t e d  w i t h  
£ * t o l u e n e s u l p h o n y l  c h l o r i d e  i n  p y r i d i n e  a t  room 
t e  o e r a t u r e ,  h u t  I n  t h i s  c a s e  no hand a t  165* cm 7^ 
was e v i d e n t  i n  t h e  p r o d u c t*
C o n v e r s i o n  o f  Cg c a r b o n y l  t o  m e t h y l e n e
At f i r s t  we d e c i d e d  t h a t  a  CXemmeneen r e d u c t i o n  
(1 3 6 *1.3? )  Of t h e  ’r r t o - a c i d  {- L 5 R*H) would p r o b a b l y  
n o t  be  f e a s i b l e  s i n c e  t h e  c a r b o n y l  g ro u p  a p p e a r e d  t o  
b e  s t e r i c a l l y  h i n d e r e d .  I t  was o b v i o u s  t h a t  a  W olf f*  
^ s h n e r  r e a c t i o n  would l e a d  i n i t i a l l y  t o  t h e  p y r a z o l o n e  
(GLXXV), b u t  I t  was t h o u g h t  t h a t  i t  m ig h t  b e  p o s s i b l e  
t o  e l i m i n a t e  n i t r o g e n  from t h i s  m o l e c u l e  w i t h  f o r m a t i o n  
o f  t h e  d e s i r e d  a c i d  ( CLV; B«H)* The p y r a z o l o n e ,  
h o w e v e r ,  was r e c o v e r e d  u n c h ang ed  when h e a t e d  t o  1 7 0 °  
w i t h  p o t a s s i u m  h y d r o x i d e  I n  e t h y l e n e  g l y c o l  (1 3o )  o r  
t o  3 1 0 °  w i t h  sodium i n  d i e t h y l e n e  g l y c o l  (139)*
P re su m a b ly  t h e  r e a s o n  f o r  t h e  n o n - d e c o m p o e I t i o n  o f  t h e  
p y r a z o l o n e  i s  t o  b e  f o u n d  i n  t h e  f o r m a t i o n  of  a  v e ry  
s t a b l e  r e s o n a t i n g  a n i o n i c  s y s te m  {CLXXX) (O L X X IIj 4^  
(GLXXtXT) on t r e a t m e n t  w i t h  b a se*  e n o t e d  t h e  f a c i l e  
r e m o v a l  o f  t  a h y d r o x y l  g r o u p  from t h e  k e t o l  (GLXXXVjH#n) 
a f f o r d i n g  t h e  t  t o n e  (GLXXV) by t r e a t m e n t  o f  t h e  
d - c a i r p h o r s u l p h o n a t e  (GLXXXVf K s d - c a m p h o r s u lp h o n y l )  w i t h
x l n c  and  a c e t i c  a e l d  (14*)) and  t h  o u g h t  t h a t  su c h  a 
r e a c t i o n  might fee a op 11 ad. to a  s u l p h o n a t e  o f  t h e  
h y d r o x v - e a t e r  (GhXVj Hx e ,  K7 »h)* A l th o u g h  t h e  
h y d r o x y - e a t e r  r e a c t e d  o n ly  s lo w ly  w i t h  g - t o l u e n e s u l p h o p y l  
c h l o r i d e ,  o r o b a b l y  be c a u s e  o f  t a e  b u l k y  n a t u r e  o f  t h e  
r e a g e n t  and  the r e l a t i v e l y  h i n d e r e d  h y d r o x y l  f u n c t i o n ,  
a f a c i l e  r e a c t i o n  w i t h  t h e  l e s s  b u lk y  m e t a a n e s u l p h o n y l  
c h l o r i d e  (141)  a f f o r d e d  an  a l m o s t  e q u l m o l a r  m i x t u r e  o f  
l i q u i d  and s o l i d  e p i a e r l c  m e t h a n e s u l p h o n a t e s  
( Cl XV; !e, ■ / »30j5* CH^)« The s o l i d  e p lm e r  c o u l d  toe
r e c r y s t a l l i s e d  w i t h o u t  d e c o m p o s i t i o n ,  b u t  p r o l o n g e d  
d r y i n g  in  r vacuum oven a t  5 >° s e r v e d  t o  d e c o l o r i s e  t h e  
c r y s t a l s  w*t h  c o n c o m i t a n t  production o f  a band  at  
5 5 4 y  the u l t r a - v i o l e t  s p e c t r u m  o f  t h e  s l i g h t l y  
d ecom posed  o r o & u c t .  Thr l i q u i d  e p i m e r ,  t a e  i n f r a - r e d  
s p e c t r u m  o f  w hich  was v e ry  s i m i l a r  t o  t h r  t  o f  t h e  
c r y s t a l l i n e  e o l m e r ,  was u n s t a b l e  t o  n e a t  and  s l o w l y  
decom posed  n t  room tem e r e t t i r e *  T r e a tm e n t  o f  a  m i x t u r e  
o f  l i q u i d  and  -solid m e t h a n e s u l p h o n * t e s  w i t h  z l m  I n  
r e f l u x i n g  a c e t i c  a c i d  (140)  f u r n i s h e d  i n  p o o r  y i e l d  a  
v o l a t i l e  o i l ,  i n i t i a l l y  t h o u g h t  t o  b e  t h e  o i e f l n l c -  e s t e r  
(CIV; e )*  The i n f r a - r e d  s p e c t r u m  o f  t h e  p r o d u c t  
wes q u i t e  d i e s i m i l a r  t o  t h a t  o f  a u t h e n t i c  o i e f l n l c  e s t e r  
( s e e  l a t e r ) ,  tout was v e r y  s i m i l a r  t o  t h a t  o f  t h e  p r o d u c t  
f rom d i s t i l l a t i o n  o f  t h e  c r u d e  m e t b s n e s u l p h o n a t e  m i x t u r e *  
T h i s  m a t e r i a l  which  e x h i b i t e d  a b and  at 243m^ i n  t h e
u l t r a - v i o l e t  s p e c t r u m ,  a p p e a r s  t o  b e  t h e  r e s u l t  o f  
a  com plex  p y r o l y t i c  r e a r r a n g e m e n t *
Clemmenaen r e d u c t i o n  ( 13? )  o f  t h e  k e to - a c id  
(CL ; sH), u n d e r  forcing condit ions ,  f u r n i s h e d  t h e  
d e s i r e d ,  o l e f i n '  e - a c l d  (CLV; B« ) a s  t h e  l i g h t  p e t r o l e u m  
s o l u b l e  e x t r a c t  o f  t h e  a c i d i c  f r a c t i o n  o f  t h e  r e a c t i o n  
m i x t u r e * *
* dQOTN../TLt -  I t  was n o t e d  d u r i n g  t h e  w o rk -u p  o f  t h e
• l e — c-nsen r e  ' a c t i o n  o f  t h e  k e t o - a c i d  (CLX; B«H) t h a t  
12/ o f  t h e  p r o d u c t  was - r e s e n t  a s  a  th* ck s w e e t - s m e l l i n g  
r e u . t r ' '  1 o i l ,  t h e  I n f r a - r e d .  so  a c t  run? o f  w h ich  I n d i c a t e d  
i t  t o  b e  a m i x t u r e  o f  s p a r a f f i n  a n d  a  X - l a c t o n e *  
F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  m i x t u r e  f u r n i s h e d  t h e  
l a c t o n l c  m a t e r i a l  a s  t h e  more v o l a t i l e  f r a g m e n t*  The 
p r o d u c t ,  C^0 ,, e x h i b i t e d  an  i n f r a - r e d  maximum b a n d
a t  1?79 c®*^ ( ^ - l a c t o n e )  w i t h  u l t r a - v i o l e t  o n d - a t o s o r p t i o n  
c h a r a c t e r i s t i c  o f  a  d l - s u f c s t l t u t e d  d o u b l e  bond* A 
m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n  u s i n g  t h e  mass s p e c t r u m  
( 1 4 ° )  p a v e  a v a l u e  o f  190 ( c a l c u l a t e d .  192)*  R e d u c t i o n  
o f  t h e  k e t o n e  w i t h  ll . fh. lu® a lu m in iu m  h y d r i d e  a f f o r d e d  a  
v i s c o u s  d i d  which  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  
3?5v- cmJT1 ( h y d r o x y l ) ,  1048 gtZ1 ( s e c o n d a r y  h y d r o x y l )  
an d  1015 cmT1 ( p r i m a r y  h y d r o x y l ) *
s t h e  k e t o - a c i d  ( OLXj HsH), on w h ich  t h e  Clemmensen 
r e d u c t i o n  i s  p e r f o r m e d ,  c o n t a i n s  o n ly  e l e v e n  c a r b o n  
s t o m a ,  i t  I s  d i f f i c u l t  t o  u n d e r s t a n d  how a  0 x s p i 6 ° 2
coamotml c a n  mr i p e *  Though f j ^ f e t m c t u r a l  d e t e r m i n a t i o n s  
h a v e  b e ^ n  made, t h e  l a c t o n e  h a s  b e a n  t e n t a t i v e l y  
a s s i g n e d  s t r i c t u r e  (CLXXVI), I t  i s  c o n c e i v a b l e  t h a t  
a o e e  of t n e  d l o n e - e s t e r  (OUVXIX) e i g h t  n o t  b e  
c o m p l e t e l y  d e o r r b o n y l a t e d  and t h e r e f o r e  b e  t a k e n  
t  r o u g h  t i e  same s y n t h e t i c  s t e p s ,  w i t h  t h e  k e t o - e s t e r  
( C L V I i ) f t h u s  a f f o r d i n g  t h e  d i o n e - a c i d  iGLXXVII}* As 
o6» ke to -ae lc i s  e r e  known t o  u n d e r  ammensM r e d u c t i o n  
( 1 3 6 , 1 3 7 ) ,  i t  i s  p o s s i b l e  t h a t  s a i l  am ounts  o f  t h e  
h y d r o x y - a c i d  ( G ^ x v X X l ) ,  which would  i m m e d i a t e l y  
l « c t o n i s e  t o  t h e  p r o d u c t  ( CLXXVI) ,  m ig h t  toe fo r m e d .
The p a r a f f i n ! c  f r a c t i o n  was s e p a r a t e d  I n  3-j/- 
y l e l d  from t h e  c r u d e  m i x t u r e  a s  t h s  l i g h t  p e t r o l e u m  
e l u a t e  from c u re s*  t c  rap h y  on a l u m i n a ,  f r a c t i o n a t i o n  
a f f o r d e d  n t h i c k  c o l o u r l e s s  o d o u r l e s s  o i l  C io ^ l6*  
e x h i b i t e d  I n f r a - r e d  a b s o r p t i o n  b a n d s  a t  28 9 0 ,  2 8 3 0 , 1 46 0 ,  
I 4 5 0  and. 136 J cmr3* ( 0 - b )  w i t h  weak &Bm& s t  166 0  c®?1 
( o i e f l n l c  d o u b l e  bond)  and  1235 cm**, A m o l e c u l a r  
w e i g h t  o f  136 ( c a l c u l a t e d  1 3 6 } was su&gsst©d from m ass  
s p s o t r o m s t r l s  m ea su re m e n ts .  I t  would  seem l i k e l y  t h a t  
I..-- i r o  *ct is  o,y0X0(31 31^ n o r i - 2 -e n e  (CLXXIX)
a r i s i n g  from p y r o l y t i c  d e c a r b o x y l a t i o n  o f  t h e  o i e f l n l c  
a c i d  (OLVf tosh) d u r i n g  t h e  v i g o r o u s  r e d u c i n g  c o n d i t i o n s  
o f  e l e v e n s  e n  r e a c t i o n .
The n o n - p e t r o l e u m  s o l u b l e  a c i d i c  r e s i d u e  was a  m i x t u r e  
o f  t h e  r  i m e r i c  h y d r o x y - a c i d #  (CLXVi R*H/ «tl) &.& t h e  
I n f r a - r e d  sp e c t r u m  o f  t h e  p r o d u c t  was I d e n t i c a l  w i t h  
t h a t  o f  t h e  m i x t u r e  of  h y d r o x y - a c i d s  a f f o r d e d  by  
sod ium  b o r o h y d r i d e  r e d u c t i o n  o f  t h e  k o t o - a c i d  (CUC; R«ri)•  
t  p r o v e d  cT f f i c u l t  t o  p u r i f y  t h e  o l e f l a t e - a c i d  a s  i t  
r a g  v a r y  s o l u b l e  i n  o c t r o i  and s u b l i m a t i o n  on a  l a r g e  
s c a l e  l i d  n o t  a f f o r d  s h a r p l y  m e l t i n g  r * t e r i a l *  The 
o l e f i n i c - n c l d  wee r e a d i l y  e s t e r l f i e d  w i t h  d i e x o m e t h a n e  
a f f o r d i n g  a s e e t - s m e l l i n g  v o l a t i l e  e a t e r  (SLV; H«ive), 
A l th o u g h  t h i s  e « t e r  a p p e a r e d  homogeneous from t h e  
i n f r a - r e d  and u l t r a - v i d l e t  a b s o r p t i o n  s n e c t r a ,  i t  was 
i n t e r  found  t h a t  t o  v a p o u r  p h a s e  ch rom atogram  e x h i b i t e d  
two ®r i,r. b a n d s  c o r r e s p o n d i n g  t o  10$ o f  an  i m p u r i t y  i n  
t h e  c l e f i n i c - e s t e r #  r e s u s p e c t e d  t h a t  t h e  I m p u r i t y  
ml h t  b e  t h e  k c t o - e s t e r  ( ILK; E«E©) c a r r i e d  t h r o u g h  
a s  some u n - r e d u c e d  •?a t o - s o l d  (CLXi E»H) w i t h  t h e  
o l e f l n l c - a c i a  (CLVj FaH) i n  t h e  l i g h t  o e t r o l a u n H - s o l u b l e  
a c i d i c  f r a c t i o n  from t h e  Clemmeneen r e d u c t i o n *  A l t h o u g h  
t h e  V e t o - a c i d  ( CLXt R«H) i s  n o t  o e t r o l  s o l u b l e  i t  i s  
c o n c e i v a b l e  t h a t  a s m a l l  amount may b e  s o l u b l e  when 
i n t i m a t e l y  mixed w i t h  t h e  o i e f l n l c - a c i d *  The im p u re  
O l e f i n i  e - e s t e r  was t h e r e f o r e  t r e a t e d  w i t h  sodium 
b o r o h y d r i A e  i n  m e t h a n o l  and t h e  c r u d e  p r o d u c t ,  w h ich  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  3470 cm?! ( h y d r o x y l ) ,  
c h r o m a to g r a p h e d  o r  a lu m in a#  E l u t i o n  w i t h  20> b e n z e n e -
I%.
l i g h t  p e t r o l e u m  a f f o r d e d  p u r e  o l e f l n t c - e e t e r  (€i*Vf R* e )  
I n  38/ y i e l d  from t h e  te  t o - a o i d  (CLXj Raw),  The 
p r o d u c t  e x h i b i t e d  I n f r a - r e d  a b s o r p t i o n  a t  1735  cm?!
(ca  rb om ethoxy  1 ) ,  3000 amyl and 1650 cm*3. ( o i e f l n l c  
d o u b l e  bon d )  w i t h  u l t r a - v i o l e t  a b s o r p t i o n  c h a r a c t e r i s t i c  
o f  a d l - s u b s t i t u t e d  d o u b l e  bond  ^3 3 ,1 3 4 )#  The v a p o u r  
P h a s e  ch rom atogram  o f  t h e  p r o d u c t  e x h i b i t e d  o n ly  one 
b a n d ,  iAarther  e l u t i o n  w i t h  e t h e r  a f f o r d e d  a  com plex  
m i x t u r e  which  e x h i b i t e d  s i x  ban d s  i n  t h e  v a p o u r  p h a s e  
c h ro m a to g r a m .  The i n f r a - r e d  s p e c t r u m  o f  t h e  m i x t u r e  
s u g g e s t e d  t h a t  t h e  m ain  component  was t h e  h y d r o x y - e s t e r  
(CL V; Fs  G9K'mn).
As t h e  e o l m e r i c  f ty d ro x y -a c  id® (CL<V; R s R 'a h )  w ere  
i n s o l u b l e  i n  l i g h t  p e t ro le u m *  i t  was t h o u g h t  t h a t  i t  
would  be  p o s s i b l e  t o  remove t h e  s m a l l  am ounts  o f  t h e  
k e t o - a c l d  (CLXj R * i )  c o n t a m i n a t i n g  t h e  c r u d e  o i e f l n l c  
a c i d  (CLVi RsH) by t r e a t i n g  t h e  l i g h t  p e t r o l e u m - s o l u b l e  
a c i d i c  m a t e r i a l  from %h* Clemmensen r e d u c t i o n  w i t h  
sodium b o r o h y d r l d e ,  f o l l o w e d  by t r i t u r a t i o n  w i t h  
l i g h t  p e t r o l e u m .  U n f o r t u n a t e l y  t h t e  m ethod  of  
p u r i f i c a t i o n  was n o t  c o m p l e t e l y  s u c c e s s f u l  on a  l a r g e  
s c a l e ,  t n e  method  o u t l i n e d  a b ov e  b e i n g  more e f f i c i e n t ,
H y d r o g e n a t i o n  f  t h e  o l e f i n i c - a c i d  (CLV? Bart) I n  
e t h y l  a c e t a t e  o v e r  p l a t i n u m  o x i d e  r e s u l t e d  i n  t h e  r a p i d  
u p t a k e  o f  one  mole  e q u i v a l e n t  o f  h y d r o g e n ,  f u r n i s h i n g  
5 - m e t h y l b i c y e l o [ 3 « 3 * l ]  n o n a n e - l - c a r b o x y l i c  a c i d  (LXMV) ,
t r a n s p a r e n t  I n  t h e  u l t r a - v i o l e t *  Hie p r o d u c t  was 
i d e n t i c a l  (m*p*, mixed m*p*, and i n f r a - r e d  s p e c t r u m )  
w i t h  t h e  a c i d  a f f o r d e d  fey w o l f f - K i s h n e r  r e d u c t i o n  of
5 - t e t h y l b i c y c l o  [3 1 3 : 1] n o n e n - 3- o n e - l - c a r b o x y l i c  a c i d  
( XXXI15 Rsii)* The s t r u c t u r e  o f  t h e  p a r e n t  b l c y c l o -  
[3 *3 *1] n o n sn e  sys tem  i s  t h u s  a u t h e n t i c a t e d  by I t s  
s y n t h e s i s  from two t o t a l l y  i n d e p e n d e n t  s y n t h e t i c  pathway®* 
Hom o l o g a t i o n  O f  t i ic  k e t o - s c i a  (c Rsn)
I t  was f a r e - s e e n  t h a t ,  i n  t t i e  l a t e r  s t a g e s  o f  t h e
c l o v e n e  s y n t h e s i s ,  i t  would  b e  p r e f e r a b l e  t o  h a v e  an
a c e t i c  a c i d  r e s i d u e  i n  t h e  p o s i t i o n  o f  t h e  b i c y e l o -  
£3 *3 *l] nonane  sys tem  r a t h e r  t h a n  t h e  c a r b o x y l  g r o u p ,  
a s  t h e  a c e t i c  a c i d  r e s i d u e  v^ould p o s s e s s  a n  a c t i v a t e d  
m e t h y l e n e  g r o u p  a d j a c e n t  t o  t i e  c a r b o x y l  f u n c t i o n ,  
s u i t a b l e  f o r  © Dleckmann c y c l i s a t l o n  t o  g i v e  r i n g  0  
o f  c lo v e n e *  Thus I t  was a d v a n t a g e o u s  t o  d i s c o v e r
w h e t h e r  t h e  : e t o - a c i d  (CIA; R*a) c o u l d  b e  r e a d i l y
homologated ,  t o  t h e  : e t o - a c l d  (CLXXXj Rsii) i n  a n  
A r n d t - i S i s t e r t  r e a c t i o n *
The k e t c - a c i d  ( X X ;  Rail) was q u a n t i t a t i v e l y  c o n v e r t e d  
by t r e a t m e n t  w i t h  o x e l y l  c h l o r i d e  (4 3 )  t o  t h e  a c i d  
c h l o r i d e  (CLXXXI) which  r e a d i l y  r e a c t e d  w i t h  e t h e r e a l  
d i a s o ® e t h a n e  ( 3 2 , 5 3 ) a f f o r d i n g  t o e  o i l y  d l & z o k e t o n e  
( CLXXXII )* The d i a z o k e t o n e  r e a d i l y  r e a r r a n g e d  when 
r e f l u x e d  i n  d ry  t , - b ? t a n o l  w i t h  c a t a l y t i c  ©mounts o f  
a s o l u t i o n  o f  s i l v e r  b e n z o a t e  i n  t r l e t o y l a m i n e  (143)  t o  
g i v e  t h e  m e t o - e s t e r  (OJLXXXf RsBut ) i n  good, y i e l d *
Both  t h e  t - b u t y l  e s t e r  and  t h e  c o r r e s p o n d i n g  m e t h y l  
e s t e r ,  f u r n i s h e d  by s r o o n '  f l o a t I o n  t o  t he  k e t o - e c i d  
(CLXXXI R»d) and e s t e r I  f l e c t i o n  w i t h  d i e s o m e t h a n e ,  
p r o v e d  t o  be  t h i c k  o i l s ,  w h i l e  t h e  k e t o - e c l d  was a 
n o n - o r y s t s l l l s ^ b l ©  g l e e s *  I t  wse e v i d e n t  t h a t  
h o m o l o g a t i o n  c o u ld  b e  e f f e c t e d  e a s i l y  and I n  good 
y i e l d ,  b u t  t h e  o i l y  n a t u r e  o f  t h e  o r o d u c t s  deemed i t  
u n d e s i r a b l e  t o  c a r r y  o u t  t h i s  s t e p  a t  t h i s  s t a g e  o f  
t h e  s y n t h e t i c  r o u t e *  The i n f r a - r e d  s p e c t r e  o f  t h e  
t - b u t y l  end m e t h y l  e s t e r s ,  (OLXXX; EeBu'tj  end  (CLXXXj 
•  ©) r e s  ‘a c t i v e l y ,  e a c h  e x h i b i t e d  b e n d s  a t  3400 em?i  
( h y d r o x y l )  *nd 1760 cm*1 ( 4 - l a c t o n e )  w h ich  may be  
a c c o u n t e d  f o r  by  t h e  o r e a e n o e  o f  s m a l l  a m ou n ts  o f  t h e  
c y o l i s e d  J - l a c t o l  form {CLXXXIIT) o f  t r ie  k e t o - a c i d  
(CLXXXJ R»H)•
Conyers ion of the olefin* q-eater (ClVi_1l», e„;,.,to 
1 -c p rbomet toxy-S^etM lM cxolQ -D ^
The n e x t  s t e p  i n  t h i s  a p p r o a c h  was t h e  p r e p a r r  t I o n  
of  t h e  ' e t o - e s t e r  (C L III#  R* e )  f rom t h e  o l e f i n l c - e s t e r  
{CLVi * e )*  The c a r b o n y l  g r o u p  o f  t h i s  m o l e c u l e  
( C L I I I j  F* t e )  s h o u ld  b e  c a p a b l e  o f  u n d e r g o i n g  a 
R e f o i ^ a t s k y  r e a c t i o n  w i t h  e t h y l  o t - b r o m o l s o b u t y r a t e  t o  
f u r n i s h  (OLXV) a s  a  p r e c u r s o r  o f  c lo v e n i©  a c i d  (¥11)*  
A l t h o u g h  t h i s  would n o t  l e a d  d i r e c t l y  t o  c o n v e r s i o n  t o  
c l o v e n e  (VI)  ( 1 3 ) ,  h o m o lo g a t io n  o f  t h e  k e t o - a c i d  
( OLT I l f  R*ii) t o  (CLXXXIVj H* e )  p r i o r  t o  t h e  Reform a t  sky
r e a c t i o n  s h o u l d  a f f o r d  s r e d a c t  (CLXXXV), r e a d i l y  
c a p a b l e  o f  Dleokteann c y c l i s a t i o n  t o  t h e  c l o v e n e  s k e l e t o n  
The moat  s t r a i g h t - f o r w a r d  m ethod  f o r  i n t r o d u c i n g  
a  c a r b o n y l  g ro u p  r t  t h e  Cg p o s i t i o n  o f  t h e  o l e f i n l c -  
e s t e r  (CLV; R« a )  a p p e a r e d  t o  b e  d i r e c t  a l l y 1 1 c  
o x i d a t i o n *  I n i t i a l l y ,  t h e  o l e f i n i c - e s t e r  was t r e a t e d  
w i t h  e x c e s s  & - b u t y l  c h ro m a te  (1 44 )  a t  4 8 °  f o r  135 h r s * ,  
when t h e  p r o d u c t  e x h i b i t e d  an  u l t r a - v i o l e t  maximum 
a t  231 r̂ i  ( £ 2 , POO) which i n d i c a t e d  t h a t  t h e  d e s i r e d  
a l l y l l c  o x i d a t i o n  had o c c u r r e d ,  a l b e i t  I n  low y i e l d *  
t h e n  t h e  r e a c t i o n  was c a r r i e d  o u t  a t  52°# t h e  p e r c e n t a g e  
c o n v e r s i o n  was g r e a t e r  a s  w i t n e s s e d  by t h e  u l t r a - v i o l e t  
maximum i n t e n s i t y  o f  4 ,6 0 0 *  T h is  m ethod ,  h o w e v e r ,  
p r o v e d  w a s t e f u l  o f  m a t e r i a l  a n d  e x t r a c t i o n  f  t h e  
p r o d u c t  from chromium r e s i d u e s  p r o v e d  t r o u b le s o m e *  The 
d i f f i c u l t y  o f  h o l d i n g  t h e  r e a c t i o n  t e m p e r a t u r e  s t e a d y  
o v e r  t h e  l o n g  r e a c t i o n  t im e  p ro v e d  d a n g e r o u s  (& - b u ty 1 
c h r o m a te  i s  r e p u t e d  t o  e x p lo d e  when h e a t e d  t o  6 0 °  ( 1 4 5 ) )  
O x i d a t i o n  w i th  chromium t r i o x i d e  I n  a c e t i c  a c i d  was 
t h e n  p u r s u e d ,  optimum y i e l d s  o f  t h e  e n o n e - e s t e r  (CLVIj 
E»Me),  a s  e v i d e n c e d  by t i e  I n t e n s i t y  o f  t h e  u l t r a - v i o l e t  
maximum a t  230mp, b e i n g  o b t a i n e d  w i t h  1*1 e q u i v a l e n t s  
o f  chromium t r i o x i d e  a t  100°  f o r  10 mine* E x cess  
o x i d a n t  d e g r a d e d  t a e  pr  d u c t  w h i l e  l o w e r  temperatures 
o r  s h o r t e r  r e a c t i o n  t i m e s  d e c r e a s e d  t h e  p e r c e n t a g e  
c o n v e r s i o n *  % e  m ost  s a t i s f a c t o r y  method., f o r  d i r e c t
160.
a l l y 1 1 c  o x i d a t i o n *  employed 1*6 e q u i v a l e n t s  sodium 
d i  c a r  ornate  I n  a c e t i c  a c i d  a t  9 0 °  f o r  10*5 l i r e * , (1 46 )  
w i t a  r e o o v e r v  o f  39, s t a r t i n g  m a t e r i a l  w h ich  c o u ld  be  
r e - c y c l e d *
u r l f  ~ c a t i o n  >f t o e  c n o n e - e u t e - r  (CuVll  Hs e i
A a e r i e s  o f  p i l o t  e x p e r i m e n t s  were  now u n d e r t a k e n  
t o  d e t e r m i n e  t h e  method o f  i s o l a t i n g  t h e  e n o n e - e s t e r  
(CLVT; » e )  i n  a p u r e  s t a t e .
( a )  Chrom atography  on a lu m in a  e f f e c t e d  a s e p a r a t i o n  
o f  s t i l l  Im pure  © n o n e - e s t e r  f ro® s t a r t i n g ,  m a t e r i a l ,  
b u t  t h e  r e c  v e r y  from t h e  column wag riot s u f f i c i e n t l y  
h i g h  f o r  l a r g e - s c a l e  work*
(b )  C hrom atography  on a i l i c a  s u f f i c e d  t o  s e p a r a t e  t h e
o l e f i n *  c-es*t@r (GLV; F* a ) ,  which  c o u ld  b e  r e - c y c l e d ,
from t h e  © n o n e - e s t e r  w h i c h ,  h o w e v e r ,  c o n t a i n e d  l a c t o n i c
and  o t h e r  o x i d a t i v e  b y - p r o d u c t s *
( c )  f r a c t i o n a l  d i s t i l l a t i o n  was n o t  a p p l i c a b l e  on a 
l a r g e - s c a l e ,  o o - d - a t i l l a t i o n  © s c a r i n g ,  even  a l t h o u g h  
t h e  b o i l i n g  p o i n t s  o f  t h e  two e s t e r s  d i f f e r e d  by 4 0 °  
a t  0*1 mm*
( d ) S a p o n i f i c a t i o n  w i t h  m a t h s n o l l e  sodium h y d r o x i d e  
a f f o r d e d  t h e  o l e f l n i o - a o l d  (CLV; H«a) a s  t h e  c r y s t a l l i n e ,  
l i g h t  p e t r o l e u m - s o l u b l e  f r a c t i o n ,  a n d  t h e  c r u d e  e n o n e -  
a e i d  (CJuVI; R*ii) a s  t h e  o i l y  l i g h t  p e t r o l e u m - i n s o l u b l e  
f r a c t i o n #  The l e t t e r  on e s t e r ! f i c r t i o n  h a d  a n  i n t e n s i t y  
o f  o n ly  3 , 0 0 0  a t  t h e  u l t r a - v i o l e t  n$m% o n of 03 j  -.■.■hlch
s u g g e s t e d  c l e a v a g e  o f  t h e - k e t o - e s t e r  s y s t e m  u n d e r  
t h e  v i g o r o u s  a l k a l i n e  c o n d i t i o n s *
( e )  A t t e m p t s  t o  p r e p a r e  c r y s t a l l i n e  d e r i v a t i v e s
o f  t h e  c a r b o n y l  f u n c t i o n  o f  t h e  e n o n e - e s t e r ,  c a p a b l e  
o f  r e g e n e r a t i o n  were  p u rsu e d *  ( t )  The e n o n e - e s t e r  
d i d  n > t  r e a c t  q u a n t i t a t i v e l y  w i t h  t h e  G i r a r d  T r e a g e n t  
( 1 4 7 ) ,  n o r  c o u l d  t h e  d e r i v a t i v e  be r e g e n e r a t e d ,  
p r o b a b l y  b e c a u s e  o f  f o r m a t i o n  o f  a w a t e r - s o l u b l e  p y raz o lo n e*  
(1 1 )  The e n o n e - e s t e r  r e a c t e d  q u a n t i t a t i v e l y  w i t h  
o e m l c a r b a z i d e  a c e t a t e ,  b u t  t h e  a e m lc a r b a z o n e  was t o o  
s o l u b l e  i n  m e th a n o l  t o  b e  of p r a c t i c a l  v a lu e *
( f )  I t  was t h o u g h t  t h a t  t h e  s a t u r a t e d  k e t o - e s t a r  
(CLTTi; R# e)  m ig h t  b e  more s u i t a b l e  f o r  p u r i f i c a t i o n  
t h a n  t h e  © n o n e - e s t e r *  ( i )  R e d u c t i o n  w i t h  l i t h i u m  I n  
l l o u i d  ammonia (146)  s u c c e s s f u l l y  r e d u c e d  t o o  c o n j u g a t e d  
c a r b o n y l  g r o u p i n g  o f  t h e  e n o r e - e s t e r  (CLVIj R%4e) b u t  
a l s o  c o n v e r t e d  t h e  c a r b o m e t h o x y l  $rowD t o  a  p r i m a r y  
a l c o h o l  (149)*  O x i d a t i o n  w i t h  chromium t r i o x i d e  I n  
a c e t i c  a c i d  (149)  f o l lo w e d  by e s t e r ! f l e a t l o n  a f f o r d e d
b m i x t u r e  o f  t h e  o l e f i n i c - e s t e r  (OLVs Hs e )  and  t h e  
k e t o - e s t e r  ( C U I I j  Hs e ) ,  s e p a r a b l e  by  c h ro m a to g r a p h y  
on a lu m in a *  t h i s  m ethod  was n o t  p r a c t i c a b l e  on a  
l a r g e  s c a l e *  (11)  H y d r o g e n a t i o n  o v e r  p a l l a d i u m  
c h a r c o a l  r e s u l t e d  i n  a s low u p t a k e  o f  h y d r o g e n  a f f o r d i n g  
a  m i x t u r e  o f ,  a t  l e a s t ,  t h e  k r t o - e a t e r  ( C h i l l i  R*Me) and  
t h e  s a t u r a t e d  e s t e r  (CtXXXVI), R e p e a te d  a c i d i c  h y d r o l y s i s *
I6E,
t  o s & f c -  5 u b rd  s ■ a 1 n s t  1 o a. j i b I e  f i  -  " c t  a -  e a t e r  c l  ea v ag e , 
a f f o r d e d  a  m i x t u r e  o f  t h e  l i g h t  p o t r o I o m * o o M l l o  
c r y s t a l l i n e  a c i d  (LXXIV) ,  end t n e  o i l y  k e t o - a e l d  
( C L I I I ; RsH),  which c o u l d  n o t  b e  i n d u c e d  t o  c r y s t a l l i s e #
Of t h e  a b o v e  p u r i f i c a t i o n  m e th o d s ,  chroma to g  r a p h y  
on a l l i e s  a p p e a r e d  t o  be  t h e  m os t  v a l u a b l e *  From a 
l a r g e - a c f i l e  o x i d a t i o n  o f  t  m  o l c f l n l e ~ e s t e r  (Gi»V| Had*)' 
w i t h  sodium d i c h r o  © t e ,  t h e  s t a r t i n g  m a t e r i a l  c o u l d  
b e  r e c o v e r e d  i n  39a y i e l d  I n  t h e  50* p e n z e n e - l i g f t t  
p e t r o l e u m  e l u a t e *  u r t  e r  e l u t i o n  w i t h  5 0  e t h e r *  
b e n z e n e  f u r n i s h e d  t h e  e n o n e * e » t e r  (ChVTs R s ^ e )  i n  
23 y i e l d #  ve e x p e c t e d  t h i s  e n o n e - e s t e r  t o  h a v e  ©n 
e x t i n c t i o n  c o e f f i c i e n t  o f  7000-80  0 when p u r e ,
( c # f • t h e  eno n e  ( CLXXXVII), o r e p a r e d  d u r i n g  t h e  
s t r u c t u r a l  s t u d i e s  on g i b b e r e l l l o  ©old,  w h ich  h a s  an  
u l t r a - v i o l e t  maximum a t  ( £ f » 5 0 0 )  (1 5 0 ) ) *  T h is
sa m p le  of  t h e  e r o n « - e s t e r  which  had  a n  u l t r a - v i o l e t  
maximum I n t e n s i t y  o f  5 ,5 0 0  was t h e r e f o r e  s t i l l  impure# 
R e p e a t e d  c h r o m a to g r a p h y  on s i l i c a  e v e n t u a l l y  a f f o r d e d  
a s a m p le  w i t h  an  u l t r a - v i o l e t  'mxlfflum a t  230npj ( £ 6 ,9 0 0 ) #  
T h i s  p r o d u c t  e x h ib i t e d ,  bands  o f  a l m o s t  e q u a l  I n t e n s i t y  
a t  1735 cmpi ( c a r b o m e t h o x y l )  an d  1673 c r ; 1 ( c o n j u g a t e d  
k e t o n e ) ,  b u t  t h e  v a p o u r  p h a s e  ch ro m a tog ram  e x h i b i t e d  
two b a n d s ,  one  a p p r o x i m a t e l y  ; a l f  a a  I n t e n s e  a© t h e  
o t h e r *  T h i s  sa m p le  o f  t h e  e n o n e - e s t e r  ( CLVI; R a l e )  
g a v e  one  s e m io a r b a z o n e  and two I s o m e r i c  2 * 4 ~ d 1n 11 r o p h e  ny1 -
bpAYMODM, Q i w g t  and in© o t t e r  o r a w g e - y o l i o * ,
*
©a y e t  n o t  l a t e r M o n r e r t a M *  by • l y e t a U t e e t i o a  t e c h n i q u e s *  
*  u C T k ^ i n -  T e l t t a l l y  i t  u se  t h o u g h t  t h a t  t h e
f o r m a t i o n  o f  two ? i 4 - d i n l t r o p t e n y l h y d r a s o n e s ,  c o u p le d  
w i t h  t h e  two band* i n  t h e  v a p o u r  p h a s e  c h ro m a to g ra m ,  
I n d i c a t e d  t h e  p r e s e n c e  o f  t h e  © n o n - - e s t e r  (CUCUOTltX)* 
p o s s i b l y  f o r c e d  by an  a l l y l i e  r e a r r a n g e m e n t  d u r i n g  t h e  
v i g o r o u s  o x i d a t i o n  s t e p *  t h i s  ho w ev er  would  n o t  
e x p l a i n  t h e  r e l a t i v e l y  low i n t e n s i t y  o f  t i e  u l t r a - v i o l e t  
maximum, w hich  r e q u i r e s  any i m p u r i t y  t o  b e  t r e n e p e r e n t  
i n  t h e  u l t r a - v i o l e t #  To meet  t h e s e  r e q u i r e m e n t s ,  i t  
was t h o u g h t  t h a t ,  d u r i n g  t h e  v i g o r o u s  o x i d a t i o n  s t e p ,
i
t :ie 1 n term ed  1 o t e  o h r o m a t e - e s t e r  (Cu vXXIX| ExCyQ^M) 
c o u l d  be  ex ch an ged  by an  a c e t a t e  r e s i d u e  f u r n i s h i n g  a n  
© H y l i c  a c e t a t e  (CLXXXlXf R*CO#CHj}# ■ l o  e v i d e n c e  
f o r  t h e  p r e s e n c e  o f  su c h  a  compound, h a s  b e e n  found 
i n  t h e  m o th e r  l i q u o r s  from t h e  s e m lo a r b a x o n e  o f  t h e  
e n o n e - e s t e r  (GLVIj Rs e)#
I t  i s  now t h o u g h t  t h a t  t h e  two £ s d - d i n l t r o p h e n y i -  
h y d r a z o n e s  a r e  s im p ly  svn  and a n t i  forms a b o u t  t h e  
C*U bond#
B e c a u s e  o f  t h e  p o r t f t c a t i o n  d i f f i c u l t i e s  e n c o u n t e r e d  
i n  t h e  a b o v e  e x p e r i m e n t s  i t  was now c o n s i d e r e d  p r e f e r a b l e  
t o  e f f e c t  a l l y l i c  o x i d a t i o n  o f  t h e  o l e f i n l c - e s t e r  (CJUV;
R* e )  i n  a  more c o n t r o l l e d  f a s h i o n #  Thus t h e  o i e f l n l c -
e a t e r  was t r e a t e d  w i th  - b u t y l  p e r b e n s o a t e  an d  
c u p r o u s  b ro m id e  a f f o r d i n g  th e  © H y l i c  b r a a o a t e  
(OLXXXIXJ EsOOyPh) in  s. r e s e t ! o r  w hich i s  feiiowo 
t o  p ro c e e d  w i t h o u t  re s ,r ran g cm  en  t  (151)*  The b e s t  
y i e ld ©  w ere  o b ta in e d  woen t h e  o l e f I n l e - e s t e r ,  w hich  
c o u ld  b e  r e c o v e r e d  and r e - c y c l e d ,  was p r e s e n t  i n  
e x c e s s  o f  t h e  o x i d a n t *  H ie v i s c o u s  b e n z o a t e  was 
s u c c e s s f u l l y  c o n v e r t e d ,  by ® e t h a o o l y s i s ,  t o  t h e  
c o r r e s p o n d i n g  a l l y !  a l c o h o l  e s t e r  (CLXXXIXi KsK), 
u n d e r  c o n d i t i o n s  w hich  a r e  r e p u t e d  n o t  t o  b r i n g  a b o u t  
a l l y l i c  r e a r r a n g e m e n t  (135)*  O x i d a t i o n  o f  t h e  l i q u i d  
h y d r o u s - e s t e r  w i t h  m anganese  d i o x i d e  e f f e c t e d  
f l f t i l i l f t l i v i  c o n v e rw io n  i f  t h e  e n o n e - e s t e r  Ct-VXl M !# } *  
t h e  i n f r a - r e d  sp e c t ru m  o f  w h ich  was a lm o s t  I d e n t i c a l  
w i th  t h a t  p r e p a r e d  by t h e  d i r e c t  o x i d a t i o n  method*
a
e x c e p t  f o r  a  m ore  i n t e n s e  band  a t  1 6 7 8  om7^ ( m o m ) *
The u l t r a - v i o l e t  maximum a t  2 3 ^ 1  a l s o  had  a; s l i g h t l y  
g r e a t e r  i n t e n s i t y  (£ 7 ,3 7 5 )  th a n  t h a t  found  p r e v i o u s ly *  
H y d ro g e n a t io n  o f  t h e  e n o n e - e s t e r  (CLVIj Its, e ) ,  
o b t a i n e d  by sodium  d 1.ch roT .a te  o x i d a t i o n ,  r e s u l t e d  i n  
t h e  up ta .?*  o f  83h o f  t h e  t h e o r e t i c a l  vo lum e o f  h y d r o g e n ,  
w h e re a s  t h e  e n o n e - e s t e r ,  p r e p a r e d  by t h e  i n d i r e c t  
o x i d a t i o n  t e c b h l o u e ,  r e q u i r e d  t h e  t h e o r e t i c a l  volum e 
o f  h y d ro g e n ,  a f f o r d i n g  t h e  I c e t o - e s t e r  (CLTXXj.R- e )«
The p r o d u c t ,  i< i i c h  e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  
1735 era** ( c a r b o - e t a o x y l )  and  1715 cm* I  ( c y c l o h e x a n o n e ) ,
was e lu ted  ©s one band on the vapour Phase chromatogram*
*
t h e  k c t o - e s t e r ,  when t r e a t e d  w i t h  B r a d y ’ s r e a g e n t  I n  t h e  
c o l d ,  a f f o r d e d  one y e l l o w  £s4~din1  . t r o p h e n y l h y d r a c o n e ,  
wh 1.le warm 1 n w t h  Brsdy  ’ s r e a g e n t  o r  h y d r a z 1 ne h y d r a  t e
f u r n i s h e d  t h e  c o r r e s p o n d i n g  2 * 4 - d l n •t r o p h e n y l r y r a z o l o n e
• ?
end  p y r a z o l o n e  r e s p e c t i v e l y *  The form*t i o n  o f  t h e s e  
c y c l i c  d e r i v a t i v e s  p ro v e d  t h e  f o r m a t i o n  o f  t h e  d e s i r e d  
k e t o - e s t e r  ( C L I I I ;  P « 4 e ) ,  p o s s e s s i n g  a  n o n - e n o l l s a b l e  
( 3 - r e t o - e s t e r  sys tem* 
t t '  T t e d  c o n v e r s i o n  o f  t h e  k e t o - e s t e r  (O hirX ;  Ha -e) t o  
c l o y r n l c  a c i d  ( V I I )
Having  t h u s  s y n t h e s i s e d  t h e  d e a i r e d  x e t o - e s t e r  ( C L I I I ;  
R* e ) ,  wo now d e s i r e d  t o  make u s e  o f  t h e  r e a c t i v e  c a r b o n y l  
g r o u p  a t  t h e  Cg p o s i t i o n ,  w i t h  a  v iew t o  p r e p a r i n g  
c l o v e n i c  a c i d  ( V I I ) ,  o r e p o r a t o r y  t o  f a r t h e r  m o d i f i c a t i o n  
o f  t h e  k- t o - e a t e r  ( C L I I I ; ©) bo s t o  o b t a i n  c lovene(V X )*
e hoond t o  r e a c t  t h e  : e t o - e s t e r  w i t h  c y a n o a c e t l c  a c i d  
s u o i  t h a t  t h r  i n i t i a l l y  formed c y s n o - a c i d  ( CXC) wou ld  
b© p y r o l y t l c a l l y  decom posed  t o  t h e  c y a n o - e a t e r  (CXCI;
H*H) (153)*  T h is  compound would b e  r e a d i l y  a l k y l a t e d  
( 1 5 4 )  a f f o r d i n g  an  o l e f I n l c - o y a n o - e e t e r  (CXGI| R* e )  
w h ic h  on r e  u c t i o n  would  f u r n i s h  c l o v e n i c  a c i d  ( V I I ) *  
How ever ,  th© k e t o - e s t e r  d i d  n o t  r e a c t  w i t h  c y a n o & c e t i e  
a c i d ,  th ou g h  c o n d e n s a t i o n  was e f f e c t e d  w i t h  m a l o n o n i t r i l e  
a f f o r d i n g  a n  u n s t a b l e  d l n i t r i l e - e s t e r  (OaGII)*  T h is  
r e a c t i o n  i n d i c a t e d  t h a t  t h e  0j> p o s i t i o n  o f  t h e  k e t o - e s t e r  
( C L I I I ;  R* e )  was n o t  u n r e a c t i v © * __________________________
As s t a t e d  p r e v i o u s l y  (p* I5& ) # a  R e f o rm a ts k y  
r e a c t i o n  b e tw ee n  t h e  k e t o - e s t e r  ( C L I I I ;  R»He) and  
e t h y l  o C - b r o m o ! s o b u ty r a t e  m ig h t  g i v e  a  h y d r o x y - d i e s t e r  
( CLTV) which s h o u l d  be  c a p a b l e  o f  m o d i f i c a t i o n  t o  
c l o v e n i c  a c i d  (V I I )#  T here  was a  v i g o r o u s  e x o t h e r m i c  
r e a c t i o n  b e tw e e n  a m i x t u r e  o f  t h e  r e t o - e s t e r ,  e t h y l
o 6 - b r o m o i 8 0 b u t y r a t e  and  z in c #  The p r o d u c t  was s e p a r a t e d  
i n t o  t h r e e  f r a c t i o n s  by d i s t i l l a t i o n *  The lo w -  
b o i l i n g  f r a c t i o n  was p r o b a b l y  a  m i x t u r e  o f  e t h y l  I s o -  
b u t y r a t e  a n d  t h e  > t o - e s t e r  (GXCIXI), formed t h r o u g h  
c o n d e n s a t i o n  o f  two m o l e c u l e s  o f  t h e  r e a g e n t  (155)*
Th© n e x t  f r a c t i o n  c o n t a i n e d  a p p r e c i a b l e  am ounts  o f  
c r y s t a l l i n e  m a t e r i a l  w hich  c o - d l s t i l l e d  w i t h  t h e  l o w -  
b o i l i n  f r a c t i o n *  T h i s  m a t e r i a l  ( C ^ H g O )  x ,  t o  w h ic h  
no s t r u c t u r a l  a s s i g n m e n t s  h a v e  y e t  b e e n  made, e x h i b i t e d  
a s t r o n g  band  a t  1700 and  a weak b an d  a t  1749 om*l
i n  t h e  i n f r a - r e d *  I t  was d i f f i c u l t  t> d e t e r m i n e  w h e t h e r  
t h e  h i g h  —b o i l i n g  f r a c t i o n  was t h e  d e s i r e d  c o n d e n s a t i o n  
p r o d u c t  b e c a u s e  t h e  I n f r e - r e d  s p e c t r u m ,  w h ich  e x h i b i t e d  
o n l y  weak h y d r o x y l l c  a b s o r p t i o n ,  was s i m i l a r  t o  t h a t  
o f  t h e  s t a r t i n g  m a t e r i a l *  I t  was t h o u g h t  t h a t  t h e  
p r o d u c t  m ig h t  be  t h e  o i e f l n l c - d i e s t e r  (CXCIV), b u t  a s  
t h e  p r o d u c t  c o u l d  n o t  b e  o b t a i n e d  p u r e  n o r  c o n v e r t e d  
t o  a  c r y s t a l l i n e  d i a c i d  on h y d r o l y s i s ,  t h e  v a l i d i t y  o f  t h e  
c o n d e n s a t i o n  i s  n o t  y e t  p ro ved*  I t  m ig h t  b© p r e f e r a b l e  t o  
p e r f o r m  t h e  R e fo rm a ts k y  r e a c t i o n  w i t h  magnesium i n  p l a c e  o f
z i n c  end w i th  l B O b u t y l e C - b r o ^ o i s o b u ty m t e  ©0 t h e  
r e a c t i o n  in  repu ted , t o  p ro c e e d  i n  b e t t e r  y i e l d  (156)*  
h i  n e e  t h e  Rw form a tmtgr r e a c t i o n  d i d  n o t  a p p e a r  
t o  o f f e r  a  d i r e c t  r o u t e  t o  c l o v e n l e  sc lc !  ( V I I ) § we 
d e c i d e d  t o  p e r fo rm  an  A r n d t - B l a t e r t  r e a c t i o n  (1 4 3 )  
on  t h e  k e t o - a o t i  ( C L I I I ; R sh) t o  f u r n i s h  t h e  k e to - .a c id  
( CLXXXIV; Rafi)* 'The c a r b o x y l  g ro u p  o f  t i l l®  l e t t e r  
k ^ t o - a e l d  s h o u ld  r e a c t  w i t h  l i t h i u m  m e th y l  (1 5 7 )  t o  
g i v e  a, A lo n e  (CXCV) w h ich  s h o u ld  r e a d i l y  u n d e rg o  an  
i n t e r n a l  a l d o l  r e a c t i o n  t o  f u r n i s h  (CXCVI)* O nce suoo  
a  t r i c y c l i c  ay atom  h a s  b e e n  fo rm e d ,  i t  s h o u l d  be  
c o m p a r a t i v e l y  s im p le  t o  m od ify  i t  t o  t h e  c lo v e n e  s k e l e t o n *  
S a p o n i f i c a t i o n  o f  t h e  ' e t o - e e t e r  (G iJIX f HOOe), 
from  e i t h e r  o x i d a t i v e  p a th w a y ,  w i t h  n o t h a n o l i c  p o t a s s iu m  
h y d r o x i d e ,  a f fo rd e d ,  t h e  k e t o - a c i d  (CLIIXj B*H) a s  a  
t h i c k  o i l ,  o f  w h ich  o n ly  a s m a l l  p o r t i o n  c o u ld  b e  
in d u c e d  t o  c r y s t a l l i s e *  T h is  m a t e r i a l  m e l t e d  o v e r  a  
w id e  r a n g e  and  c o u ld  n o t  be  s a t i s f a c t o r i l y  r e - c r y s t a l l i s e d *  
Th© o i l y  k e t o - a c i d  form ed c r y s t a l l i n e  c y c lo h e x y  1,a m in e  and  
L - b e n z y l i e © th i o u r o n i u w  s a l t s ,  b u t  th© y i e l d  o f  t h e  
f o r m e r  was t o e  low t o  b e  o f  any  p r a c t i c a l  v a l u e  f o r  
r e g e n e r a t i o n  o f  t h e  k e t o - a c i d *  C h ro m ato g rap h y  o f  th© 
k © t o - s c I d  on s i l i c a  s u f f i c e d  t o  rem ove t h e  k e t o - a c i d ,  
t o g e t h e r  wl t h  t h e  i m p u r i t y ,  i n  t h e  5r- e th e rH f re n s e n e  
e l u a t e *  The l a t t e r  f r a c t i o n s  o f  t h e  e l u a t e  beeam e 
p r o g r a e a i v e l y  more c r y s t a l l i n e  b u t  t h e  b u lk  o f  t h e
p r o d u c t  rem a in e d  o i l y .
f h e  i m p u r i t y ,  w h ich  p r e v e n t e d  t h e  k e t o - a c i d  
f rom  c r y s t a l l i s i n g ,  c o u ld  c o n c e i v a b l y  h a v e  b e e n  t h e  
d i a c i d  (C XCV11) f u r n i s h e d  by c l e e v a g  e o f  t h e  /S - k e t o -  
e s t e r ,  b u t  a s  y e t ,  we h a v e  o b t a i n e d  no e v i d e n c e  t h a t  
t h i s  ' a  I n d e e d  t h e  c a s e .  P r e v i o u s  work ( p .  0 5 )  
i n d i c a t e d  t h a t  any i m p u r i t y  p r e s e n t  was n o n - k e t o n i c .  
T h e r e f o r e ,  I t  was d e c i d e d  t o  p u r i f y  t h e  k e t o - a c i d  (C L III}  
R*ri) t h r o u g h  t h e  h y d r o x y - e a t e r a  (CXCVIII; Hs e ) ,  f o l l o w e d  
b y  h y d r o l y s i s  (which  s h o u l d  n o t  r e s u l t  I n  any s k e l e t a l  
c l e a v a g e )  and  o x i d a t i o n .  The k e t o - e s t e r  ( C L I I I ;  R-Me) 
r e q u i r e d  e x t e n d e d  t r e a t m e n t  w i t h  sodium b o r o h y d r i d e  
t o  c o n v e r t  t h e  c a r b o n y l  f u n c t i o n  t o  h y d r o x y l ,  a® 
e v i d e n c e d  by  t h e  s low  d i s a p p e a r a n c e  of  t h e  i n f r a - r e d  
b a n d  a t  1715 c 7^ ( c y c l o h e x  n o n e ) .  C h ro m ato g rap h y  
on s i l i c a  a f f o r d e d  t h e  h y d ro x y -© ® te r  (CXCVIII; R»He) I n  
t h e  5, e t h e r - b e n s e n e  e l u a t e ,  b u t  f u r t h e r  e l u t i o n  w i t h  
e t h e r  f u r n i s h e d  s i g n i f i c a n t  am ounts  o f  a  c r y s t a l l i n e  
d l o l  (CKOIX), p r e s u m a b l y  formed by c o n c o m i t a n t  r e d u c t i o n  
o f  t h e  ea r toosre thoxy l  f u n c t i o n *  S a p o n l f i e a t l e n  o f  t h e  
h y d r o x y • e a t e r  (CXCVIII; Rs e )  a n d  r e p e a t e d  c r y s t a l l i s a t i o n ,  
a f f o r d e d  one o f  t h e  e p im e r s  o f  t h e  h y d r o x y - a c i d  (CXCVIII;  
UsH)•  F o r  t h e  p u r i f i c a t i o n  o f  t h e  k e t o - a c i d  (C L X II jH rh )  
t h r o u g h  t h e  h y d r o x y - a c i d  (CXCVIII; R sh) t o  b© o f  any  
p r a c t i c a l  v a l u e ,  i t  was I m p e r a t i v e  t h a t  t h e  c a r b o x y l  
f u n c t i o n  s h o u l d  n o t  b e  r e d u c e d  a t  t h e  game t im e#
H y d r o g e n a t i o n  o f  t h e  k e t o - e s t e r  ( C L I I I j  R*M©) o v e r  
Adam’ s  c a t a l y s t  r e s u l t e d  i n  t h e  t h e o r e t i c a l  u p t a k e  
o f  h y d r o g e n ,  and  t h e  r e s u l t i n g  h y d r o x y - e s t e r  tCXCVIIt j  
P-mW-e) was o t i ro m a to g ra p h e d  on s i l i c a *  P r e l i m i n a r y  
e l u t i o n  w i t h  27- © th e r -b e n z e n ©  removed s m a l l  am ounts  
o f  I s o t o n i c  and  n o n -h y d r o x y 1 1 c  k e t o n i c  compounds*
F u r t h e r  e l u t i o n  w i t h  20$ e t h e r - b e n z e n e  t h e n  f u r n i s h e d  
t h e  p u r e  h y d r o x y - p g t e r  (CXCVIII; Rs&e)* s a p o n i f i c a t i o n
o f  t h e  h y d r o x y - e s t e r  w i t h  m e t h a n o l l e  p o t a s s i u m  h y d r o x i d e  
a f f o r d e d  a  m i x t u r e  o f  c r y s t a l l i n e  h y d r o x y - a c i d  e p im e r s  
(CXCVIII;  R*H) ,  w hich  c o u l d  n o t  b e  s e p a r a t e d  by 
r e p e a t e d  c r y s t a l l i s a t i o n *  O x i d a t i o n  o f  t h e  m i x t u r e  o f  
e p i m e r l c  h y d r o x y - a c l d s  w i t h  chromium t r i o x l d e  i n  
s u l p h u r i c  a d d  (158)  a f f o r d e d  t r e  c r y s t a l l i n e  k e t o - a c i d  
( C L I I I ;  E r l l )  w h ich  was f u r t h e r  p u r i f i e d  by  r e p e a t e d  
c r y s t a l l i s a t i o n  from b e n zen e*
The f i n a l  s t e p s  n e c e s s a r y  f o r  t h e  t o t a l  s y n t h e s i s  
o f  c l o v e n e  by th© s y n t h e t i c  r o u t e  o u t l i n e d  on p*
©re s t i l l  u n d e r  i n v e s t i g a t i o n  i n  t h i s  d e p a r t m e n t *
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h - O a r b e tn o x v - 6 - ^ e t h v l c ” c lo h e x o n o n e  ( CLVJ.I)
An I c e - c o l d  m i x t u r e  o f  £-m*ethy l e y  c lo h e x a  none 
(5 0 0  g * ) and  d i e t h y l  o x a l a t e  (750  g , )  was ad d ed  w i th  
s t i r r i n g  t o  an  i c e - c o o l e d  s o l u t i o n  o f  gibdium (100 g , )
I n  d r y  e t h a n o l  (1650  m l*)*  H ie  r e a c t i o n  m ix t u r e  was 
s t i r r e d  a t  0 °  f o r  5 h r s .  a n d  th e n  a t  room t e m p e r a t u r e  
f o r  12 b r s .  T e  o r a n g e  s o l u t i o n  was p o u re d  on t o  
c r u s h e d  I c e  and w a t e r ,  a c i d i f i e d  w i t h  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  ^nd e x t r a c t e d  w i th  e t h e r  (2 x  1 ! • )*
The com bined e t h e r  e x t r a c t s  w e re  w ashed w i t h  sodium  
b i c a r b o n a t e  s o l u t i o n ,  w a t e r  and  d r i e d  o v e r  m agnesium  
s u l o h a t e ,  A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  any 
u n r e a c t e d  s t a r t i n g  m a t e r i a l s  w e re  removed by e v a p o r a t i o n  
a t  1 4 0 ° /1 5  mm. The r e s i d u a l  o i l  was h e a t e d  a t  190°  
f o r  5 h r s ,  I n  a w e l l  v e n t i l a t e d  fume c u p b o a r d ,  and t h e  
p r o d u c t  f r a c t i o n a l l y  d i s t i l l e d  t o  g i v e  t h e  m  t o - e s t e r  
a s  a c o l o u r l e s s  o i l  b * p .  1 3 3 -1 4 0 ° / 3 0  mm,j y i e l d  
600  g . (73 /0 .
3 -  ( 1 -C b r b e ta o x y - a - ' t e tQ - j - ' f t g tU y  io y  c lo a e x y  1 p r o . : lo n a ld je h y d e
M
An i o ^ - c o l d  m ix t u r e  o f  P - c a r b e t h o x y - 6 -m e  t  hy 1 ey o 1 o -  
h e x e n o n e  (275  g * ) and f r e s h l y  d i s t i l l e d  a c r o l e i n  (100  g , ) 
was added  d r o n w ls e  o v e r  2 h ro*  t o  a s t i r r e d  s o l u t i o n  o f
p
i o d i n e  (1*7  g#3 h y& ropu li ion e  (£ *0  g # ) I n  a n h y d ro u s
ethano l (500  m l# )  a t  A fter r e m o v in g  th e  coo ling
ba th , the  so lu t io n  was s ta r r e d  fo r  a f u r tn e r  0*5 hr# a t
room t e m p e r a t u r e  t n e n  Prong t  t o  a p o r o x l  m t e l y  p-i 7  07
adding g l a c i a l  a c e tic  a c id #  A fte r e v a p o r a t i o n  of so lv en t
under re  ueed m « « u r « »  th e  v ts to u g  re sid u e  was d isso lved
I n  e t  e r  (2 X# 3, e n s u e d  w i t  ? d i l u t e  sod ium  b i c a r b o n a t e
s o lu tio n , w ater and d ried  over magnesium sulphate#
r c v e o o rn t lo n  o f  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  f o l lo w e d
bv f ra c t io n a t io n  o f t h*> p r o d u c t  a f f  orded trie a ld e h y d o *
k e to - e s te r  an a v iscous co lo u r le ss  o i l ,  b#p# 1*54°/? m~# i
y i e l d  J»05 s#  (57/ )# C o u n d t  c, 64 *65 ; h, 8*15*
"•  ̂ O r  ** *u ? r e s  u, 6 5 #05 ••;# 8*4,:)* T•>e proau.ct
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ex h ib ited  in fm ^ro d  abso r t lo n  a t  2700 o^#3* (aldehyde)# 
and 1700 cm?3- (earbethoxyl and evelohexaaene ©id aldehyde)* 
Ihe corresponding fcig 2 i4 - d tn l t r  shearIbvdragone c ry s ta llised  
trof? methanol as o irnge needles ( ro u n d s  0# 49#95l
4*451 u# 18*45# ca§d^8uio^B re:ulrfM 9 c » 50*0$
H# 4 # 7 i  &# 18«ti5?>#
^ ^ b P t h o M ~ 5 “gttM lM .g3to.l.P...l3»3«.3ln.m-|-pne-»9»orie
.S. -'hit*,. / JHiH
The f r e s h l y  d i s t i l l e d  a l d e h y d o * e s t e r  (C L lx )  (2 0 0  g # ) 
was added  i n  v e ry  f i n e  d r o p s  t o  v i g o r o u s l y  s t i r r e d  
c o n c e n t r a t e d  s u l p h u r i c  n e ld #  c o o le d  I n  an  l o e ^ b a th *  A f t e r  
t h e  a d d i t i o n  was c o m p le t e ,  t h e  1 c?e-bath  was rem oved a n d  t h e
s o l u t i o n  allowed to  stand  a t  room tem perature 
overnight* th e  dark rad so lu tio n  mm poured c a re fu lly  
w ith s t i r r i n g  on to  crushed ce and water and toe  
m ixture ex trac ted  w ith e th e r  ( f  x 1 I* ) the  
combined a t ftmr e x tra e ta  ware washed w ith d i lu te  
sodium b icarbonate  so lu tion#  w a t e r  and d ried  over 
meg nos lure sulphate* Evaporation of so lv en t a ffo rded  
a thlc.c red o i l  w i d  d i s t i l l e d  as a  co lo u rle ss  o i l  
b«p* H4~144°/o#2 mm# I y ie ld  135 g*3*
A so lu tio n  o f  th e  V ato*ester (2 g#) in  l ig h t  
petroleum  was chromatographed on a luelna (dreds 1/
(5 > g*)* lutlan with light etroleum (10 x 5& ml*) 
afforded the ketonest e r  (OUii EgAt) as a colourless 
o il (1*17 4!*)* The product# milch gave no reaction 
with ^i4*dinitrophenyI hydro,sine or senicerbaslde 
acetate# eahlbtted - infreared absorption at 1730 is*) 
(oarbethoxyl)# 1715 cm#3’ (cyelohexs none) and 165-3 eaj* 
(oleflnic double? bond) with ultra-violet e nd *s bs orc t i on 
^ ' - JtA25i $20*3*0* The k*to-ester
d istilled  as a colourless o il b*p* lo4>°/o.i mm*# n* 1*489? 
(roundi c# 7o.25 | a* 7 .95  * •lj-l8°3  requires
C# 70*251 H# 8*15/ )*
b r i b e r  e lu tio n  w ith benaene (4 x 50 ml*) affo rded  a 
co lo u rle ss  o i l  (0*80 g*)# b#p* 92-94°/^*25 m .  She 
product* ^X3^1S^3* ex h ib ited  In f ra - re d  ab so rp tio n  a t
l i m  e o f l  ( e a r b e t h o x y i )  m n \  165%  w ? * -  i e o e j e & a t e d l  f t # t o n e )  
w ith  mn -mnlmxm a t  25®mp iEX » 4 5 0 h
e jL?w£ L L l! j^
h ??criLtstten of tii#  ©rude k # to * e # t# r  (CI«X| fim&t)
(5#0 #?<*} tu wa-thefiel, (25 e l* )  wan e&tly r e f  taxed fo r 
9  &M* **- t a  * ■ M o t i o n  e f  s tA l im  hf*r®nl&% CX*o $ » )  i n
" i
w ater (5 t I*  )* f t « r  a te  ■ ac tio n  of metiiaeol under 
rof'aeod sreeno re  th e  eee&ed m ixture w&s d i lu te d  w ith  
w a t e r  «cn9i e n tre a te d  w i t h  • t i « r  (2 x 1 5  m l* )«  fhe 
eeaeo*'# extract®  were a c i d i f i e d  w i th  oonoootro'to d
Hydroeniorte ecld* eetsirateft e ii&  af^aoniuasi celp& tte 
R d e x t r a c t s  w i t h  e th e r  ( f  % 3^ )• fh# eae&lned
e th e re a l e x t roo t#  were weened w ith aato ra te d  h o m x Iq i 
su lp h a te  f*oihtiori and d r ie d  oxer ^agaesii** euiimcte* 
••^ernwal of so lven t gave a e ry e te i i in #  # l i d  U * i $*) 
90- l i d 0# eh lcb  «#• re e ry e ta l i ie e d  a lo e  fro® 
b M M re -U a it  petroleum  4b*c* 60*80*) #g colour!#*#
of (3M i n*fi) m*p. i 4 0 ~ l 4 a ° i  y i e l d  ?,5T  |*  (M £)« 
(Founds C» 6 § * l«  ii# ?«3§» ^ U ;- i 4 ^ 3  * * * • * * • •
C * £ £ * 0 |  a* 7 * 2 5  )*  fc*egH*ralle® of t  #  m o th e r  £  Ignore 
a ffo rded  # th ick  o il*  the  in f  reared  eoectftfts o f which 
exh ib ited  broad m b m w p ttm  band# a t  1650 e a f l  (ecHRjugated 
eafffcevpl} and fro*  t$ao to  2500 e ^ f l  (carbonylJ«
A s o l u t i o n  "*f t h e  k e t o - s o t d  (OLX| Bari) (1*75 g * )  
i n  d ry  e t h e r  (2 c* m l* )  was t r e a t e d  w i t h  a s l i g h t  e x e e a e  
o f  * d ry  e t h e r e a l  s o l u t i o n  o f  d la to m e th a n e *  and  t h e  
s o l u t i o n  a i l o w e d  t o  s t e a d  » i  room t e m p e r a t u r e  f o r  
3 h ra *  A f t e r  a d d i t i o n  o f  a  l i t t l e  a c e t i c  s o ld *  t h e  
e t h e r e a l  s o l u t i o n  we# washed, w i t h  d i l u t e  sod ium  
b te w ffe o n e te  e l o t i o n *  w e t e r  and  d r i e d  o v e r  magnesium 
w o lp h a te *  v e n o r a t i o n  o f  s o l v e n t  a f f o r d e d  a  y e l lo w
o i l  (1*85  g « )  w hich  r a p i d l y  s o l i d i f i e d *  C r y s t a l l i s a t i o n  
fro-- l i g h t  p e t r a l e u f t  f U N l s h e d  t h e  k e t o ~ e s t e r  (OlXi f t*4e) 
aa c o lo u rle ss  needle# m#p* ?9*dt°* (founds c* 69«4i 
t * 7*9* i a ^ i d ° 3  r e q u i r e #  C# 6 9 * 3 ;  « ,  7*75, h
The p r o d u c t  e x h i b i t e d  * n f r s « r e &  a b s o r p t i o n  a t  1728 e e r l  
( o a r b o m a th e p y i ) •  1 7 -5  c*»j* ( e y e lo h e x * n o n e ) an d  weak 
b e n d s  a t  3090 so d  1637 om*l ( o l e f i n t o  d o a b l e  b o n d )  w i th  
u l t r a - v i o l e t  a b a o m t l o n  s 21 * •• $ £  ' - •  j
v ^ J ^ E 2 ^ Z ' -  ,h  _  _ J~XSLl&£il2
A s o l u t i o n  o f  t h ^  .u t o - a c i d  ( ;4,;<| B ad) (1 9  isg*) 
i n  e t h y l  a c e t a t e  was h y d r o g e n a te d  u s i n g  p l a t i n u m  o x i d e  
(3 5  mg*) a t  room t e e n » r a t u r e  a n d  a tm o s p h e r i c  p r e s s u r e *  
h y d ro g e n  (2  m o le  e q u i v a l e n t s )  was a b s o r b e d  w i t h i n  0*25  n r*  
E v a p o r a t i o n  o f  t h e  f i l t e r e d  s o l u t i o n  a f f o r d e d  a 
e t e r e a i e o s e r l e  m i x t u r e  o f  o v y sV  U l n a  h y d ro x y * a o Id a  
( C U v n x )  a s  o ^ l o u r l e e s  l e a v e s  m*p* 144*165® from
n%.
to*fiM ne<»ltght atroieum  (b# * ¥e -anted
sub lim ation  afforded  one eplm ar m  re e ta n g u la r  p la tan  
» .p #  1 7 8 * 5 -1 30*5°* (F ound i 0 .  6 6 * 5 ;  H* 9*3#
cl l ^ l  ^3 re q u ire s  c, 66*65i Ht 9#1S )*
5 " - ,e t^ y.^ b lf tv c lQ  f a O i i J
(fik&XX.Oi
so lu tion  of the ksto~*cid (ot)(i R»a) (JO as#)
I n  e t h y l  a e e t a t #  * a e  h y d r o g e n a te d  a  s i n g  10/:' p a l l a d iu m *  
e h * r c o s l  a t  room t e m p e r a t u r e  an d  a tm o s p h e r i c  r e a s n r e i  
h d r a e e n  (0 * 9  m o le  e q u i v a l e n t )  was a b s o r b e d  o v e r  6 b ra #  
i.vp o r a t i o n  o f  v i e  f i l t e r e d  s o l u t i o n  a f f o r d e d  t r ie  k o t o -  
s o l d  (CXXVII) a s  e --'lee* l e a v e s *  m#p# 125-14-0° from 
b a n s e n e -1 1  t  p e t r o le u m  ( b a p « $ i > j O ° ) t  w hich  su b l im e d  a s  
r e e t ?  t a i n s  ?s*p*l4o.5-i4-2°Usound»> c* &7-35 i h* 7-85
c11 h1 6 °3  F n o tf t rn n  C* 6 7 * 3l d 9 8*15/ )*
9»-^roir'«5--^t:r-ib lQ .?altfl3«.3iX lnon-^ne-X -os^o^yllti R aid
A r r  - »'~i«» . i - i X l — ii in— ̂  > mu
h so lu tio n  o f  t  m keto -ae ld  (CUuXf R # i )  (S#0 g*} i n  
aqueous methanol wen tre a te d  w ith excess sodium 
borohydride a t  room temuernture* and# a f t e r  too  i n i t i a l  
6 ffe rveeeenoe» th e  m ixture was allowed to stand a t  room 
tarn e ra tu re  fo r  # l ira #  A f t e r  ocfd1 f lo a t  Ion w ith d i lu te  
su lp h u ric  acid  and s a tu ra tio n  w* th  a 'ionium  sulphate* 
the m ixture was e x tra c ted  w ith ether#  m e combined 
e th e re a l  e x tra c ts  were washed w ita  sa tu ra te d  a monlum 
su lp h a te  so lu tio n  and d r ie d  over magnesium ay Ip? .ate*
K w a p o ra t ie *  o f  s o l v e n t  a f f o r d e d  t h #  h y d r o x y - a c id  a s  a 
c o l o u r l e s s  s o l i d  (5*1 g * )  w hich  o r y e t a l l i a e d  a a  l e a v e s
fro#  benaen* w#p* 171-173° w ith m oisture fro#  13̂ ® and 
s u b l i m a t i o n  f r o #  150°  * The  h y d r o x y - a o id  s u b l im e d  a a
r e c t a n g u l a r  n l o t o s  w*p* 173*174°* (Council 0 ,  6 7 * 5 i
H* ■:*£* • ' l i ' il 6 ° 3  C* 67*31 H* 8 * 15?#*
Th© product exhibited i n f r a - r e d  absorption a t  334v e$#*
( v d r ^ x y l )  w i t h  a b r o a d  band  from  3 5 0 .;■ t o  2300  e m f l  a n d  _ 
©. ban d  a t  1695 cm?! ie & rb o x y l)#  The u l t r a - v i o l e t  
I ' M t m  «*htb't«d £ n 'i,,*30| £**°*10§ | £ 21V£-?a-;-i*2«2*
I- ..7-.jroi« rt D» 3.« -J t-op-l-w e.
z s c & u z
A s t i r r e d  e o l a t i o n  o f  t h e  n y d r o x y - M i © r  (CwX?| 5 * e* 
P/ * :s) (1* 5 g*> i n  d ry  o t h e r  (75  #1* )  o r #  r e f l u x e d  f a r  
19 b ra *  m- th  l i t h i u m  a lu m in iu m  h y d r i d e  (0*94  g* )* t h e  
c o o le d  m i x t u r e  wee t r e a t e d  c a r e f u l l y  w i th  d ry  e t h y l  
a c e t a t e  (5  ml* )* a c i d i f i e d  w i th  d i l u t e  s u l p h u r i c  a c i d  and 
t h e  e t h e r e a l  l a y e r  w ashed  w i t h  d i l u t e  eodlum  b i c a r b o n a t e  
s o l u t i o n *  s a t u r a t e d  a - m o a tu r  a u l p h a t e  s o l u t i o n  snd  d r i e d  
a v e r  # a g n ae lu m  e u lp h a i e *  - .v a p o ra t io n  of s o l v e n t  a f f o r d e d
a t h l c 5.* o i l  {0*95 g * )  w h ic h  r a o l d l y  s o l i d i f i e d *  H ie  d i o l  
w h ich  on r e  n o t e d  w r y a t e l l i a a t l o n  from  b e n s e n e - l l g n t  
p e t r o l # # #  a n  c o l o u r l e s s  n e e d l e  c l u s t e r s  h ad  ®*p* 1 9 7 * 1 3 3 °  
( m o i s t u r e  from 1 1 4 ° ) ,  s u b l im e d  a s  p la te ©  m*p* 134- 1 36°* 
tr*'ound« C* 7 h * ? |  u» 9*65* ® n % 8 u2 3u l r e «  0 * 72*5*
§i* 9 * 9 5 ,) *  t h e  p r o d u c t  e x h i b i t e d  n f r r - r e d  a b s o r p t i o n
a t  cm?1 ( h y d r o x y l )  a n d  a  w m k  band  a t  163& cm£i
{ o l e f i n i e  d o u b l e  b o n d )  w i t h  u l t r s - v l o l a t  a b s o r p t i o n
a s o l u t i o n  o f  t n r  k e t o n e s t a r  (CLX| B*;@) (8*0 g * )
I n  m e th a n o l  (ou  ml# / a n d  w a t e r  (5  nil#) was t r e a t e d  a t  
room tem p er? '- to re  w i t h  a ■•dlum b a ro h y & r id e  (1*2  g * )» a d d e d  
i n  )*2 g* p o r t i o n s  o v e r  u*5  h r*  A f t e r  th©  i n i t i a l  
v i g o r o u s  e f f e r v e s c e n c e  h a d  s u b s i d e d ,  t h e  s o l u t i o n  w as 
a  l o r e d  t o  «t* nd a t  room t e m p e r a t u r e  o v e r n i g a t *  A f t e r  
m e th a n o l  had  b e e n  rem oved u n d e r  r e d u c e d  p re s o u r©  
w i t h o u t  warming* t h e  ix tu r ©  was p o u re d  i n t o  w a t e r  
( I X )  ml# ) # s o l d i  f l e d  w i t h  d i l u t e  s u l p h u r i c  © old and  
e x t r a c t e d  w l t n  e t h e r  (2  x 40  m l* )#  The com bined  e t f t© r e e l  
e x t r a c t s  w e re  w ashed w i t h  s a t u r a t e d  a  monium © a lp h a te  
e o l a t i o n  and d r i e d  o v e r  m a g n e s ia s  s u l p h a t e *  ^ e v a p o ra t io n  
o f  s o l v e n t  a f f o r d e d  t h e  h y d r o x y - e s t e r  a s  a n o n -  
o r y s t a l l 1s a b  o o o l o u r l o s a  o i l i  y i e l d  7*85  €* (97/ )# 
f r a c t i o n a t i o n  a f f o r d e d  a  c o l o u r  lea©  o i l  b#p# i 2 0/ 0 # 0 2  ««** 
n*6 1#49<S1* (Founrti c ,  60*351 M, 8 . 4 .  0i 2 alB 0 3  
r e q u i r e s  Ct € 8 « 5 5 l  *# i* 6 .S 0 *  The p r o d u c t  e x h i b i t e d
i n f r r - r e d  a b s o r p t i o n  a t  3471 cm?1 ( h y d r o x y l ) *  1720  ©m?l 
( o ^ rb o m c th o x y l )  w i t h  wdafc b a n d s  a t  30c® a n d  1643  cm** 
( o l e f l n l e  d o u b le  bond)*  w i t h  u l t r a - v i o l e t  a b s o r p t i o n
£ 2 i ' ' . l 3 ,_. e.8a 0* 5 i»  e 8 l 0 / e a a j  * 2 . 6 .
(SI.
I e  r t> o ^ th O C T -9 -y o f > to x v » 5 - « « te y U tc g c lo  C3» 3tXl no n » ?» en e
fc & W A .J B g ^  R 7« M t R l  J
A s o l u t i o n  of th e  h y d r e x y - a s t a r  (ClXVj ef p /m i)
(5 0 0  m**} i n  oyrl&lnw (5 m l# ) and  a c e t i c  a n h y d r i t e  (5  m l*) 
was a i l T v a d  t » s t a n d  a t  room t e m p e r a t u r e  f o r  11 » r s *
Rva ^ ra tio n  to  dryness ?nder reduced p re ssu re  affo rded  a 
b a le  yellow o i l ,  trie ! n fm -red  spectrum of whl ii exh ib ited  
a band a t  3470 cmfl (hydroxyl) ( In te rc i ty  of  fegnd 
corresponded to  p resen ce  o f  a t  l e a s t  70/- s ta r t in g  
m a te ria l in  th e  o rM u c t) and a  wee* band a t  1650 em*^* 
so lu tio n  o f th e  hydroay*«st o r  (JOO eg#} In dry 
a c e t ic  anhydride 10 ml*) was re f luxed fo r  3 hrw# w th  
anhydrous sodium aceta te  (1 g*)• After evaporation of  
th a  so lven t under reduced p re ssu re , th e  re s id u e  a s s  
ocured in to  w ater and ex tra c ted  w ltn o th e r (2 x 25 ml*)*
The combi no. 2 e t h e r e a l  e x t r a c t s  w e re  w ashed  w i t h  s a t u r a t e d  
sod ium  b i c a r b o n a t e  s o l u t i o n *  w a t e r  and  d r i e d  o v e r  m agnesium  
s u l p h a t e *  R v a a e r a t i o n  o f  s o l v e n t  a f f o r d e d  a  t f t lo x
y e l l o w  o i l  ( 6 )0  eg*}# t h e  * n f r e a r e d  s p e c t ru m  o f  w h ic h  
e x h i b i t e d  no band  a t  3475 ( h y d r o x y l )*  a s t r o n g  b a n d  
a t  1735  e m l1 ( a c e t a t e  an d  c a r b o ^ t h o x y l )  a n d  ms turn 
bands a t  1650  and  1620 m * 1 (co n  j u g s  t a d  c a r b o n y l )  w i t h  
a n  u l t r a - v i o l e t  maxiwusi a t  gdlnp* (£2 *>OQ-30o a )#  a  
s o l i t Ion o f  t h e  e n d s  a c e t a t e  (6 0 0  mg#) in  l i g h t  
petroleum  <b#p# 60*6 0+ ) was c h ro m a to g ra p h e d  on a lu m in a  
(O n td e  I I I )  (19  $ * ) •  E l u t i o n  w i t h  l i g h t  p e t r o l e u m  
(b*p* 6v- €°) (6 x 5- m l * ) i 501 h e n a e n a - l l g n t  petroleum
12Z.
( 5  x  50 »!*)* and  b e m m m  (5  x 50 m l*) a f f o r d e d  th©
a e e t o x y - a s t a r  ^ss a  c o l o u r  l e a s  o i l  (3 0 0  mg*}
b*p* 8O°/0*,/2 » * ,  n*p 1*4810* ( cund* 0, 67*05*
i i ,  8 *05# c 14Hp o °4  r e ^u l r 'f' 8 c * 66*65* li# 8 * 0 / ) *  
fh# product exhibited  in fra-red  absorption a t  1735 emj* 
( a c e t a t e  and carbomethaxy) , 123- e®** ( a c e t a t e )  with a 
medium b end  m t  3 0 0 0  o r * 3* an d  h w m t  band at 165^ om** 
(oXeflntc doable bond)* The u ltr a -v io le t  end*«beer»tton 
«m M t«4£a s  4 8I4| &220 * j l» |  € » % « #  » X.7.
t h i r t h r r  l u t I o n  w i t h  50 / e t b e r - b e n a e i i e  (4  x 50  m i* ) 
a f  f o r d e d  a  y e l l o w  o i l  (48  m g#), t h e  i n f r a - r e d  a - e o t r u m  
o f  w’ i c  ■ e x h i b i t e d  Pcl d a  a t  1735 css** ( e a rb o m e th o x y l ) *
1 6 5 0  and  1 6 2 0  am i1 ( c o n j u g a t e d  c a r b o n y l )  w i t h  a  m il iu m  
ban d  a t  3470 o n Z 1 ( h y d r o x y l ) *
.ffiii -  The phenomenon t h a t  t h e  a * e t& t© * © tt© r  ( a b o v e )  
waa n o t  © lu te d  c o m p le t e ly  w i t  . on© e l u a n t  b u t  r e q u i r e d  
t h r e e  s o l v e n t  m ix t u r e s  f o r  c o m p le t e  e l u t i o n ,  1© 
c h a r a c t e r 1 s i t e  o f  ch ro m a to g ra m s o f  com pounds o f  th©
M c y e l o  3 *3*1  n om m e sys tem *
a e o l a t i o n  o f  t h e  h y d r o x y - © s ta r  (C^XVj %xdm§ 5 « u )  
( 1 * 0  & •) i n  d r ?  p y r i d i n e  ( l o  s i * ) wee r © f lu x e d  f o r  12 nrs# 
E v a p o r a t i o n  t o  d r y  nee© u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  a  
p a l©  y e l l o w  o i l  (1*0  g * J # t h e  i n f r a - r e d  c p e c t ru m  o f  
w h ich  we© i d e n t i c a l  w i t h  t h a t  o f  a t a s t i n g  m a t e r i a l *
(S3.
M - forma tloa of P*%olufQfegjilahona%*..J>t...%M.
2T.4cssy.ta?.t«!»>,. LUkMi."'.sJ.
A so lu tio n  of t o #  h y d r o x y - e a t e r  mg*} in  dry
%
r i a l n o  (5 r l * ) e e n t a l n l n g  g r  t o l u e n e s u l p h o n y l  c h l o r i d e  
(1  g * ) wa* r l l m o d  t o  s t a n d  a t  room t e m p e r a t u r e  f o r  XX Ore* 
The m i x t u r e  we* p o u re d  i n t o  w a t e r  (5  o m l* }9 a c i d i f i e d  
w i th  d i l u t e  s u l p h u r i c  a c i d ,  s a t u r a t e d  w i t h  am ao n lun  
s u l p h a t e  and e x t r a c t e d  w i t h  o t h e r  (2  x 25 ml*}* The 
com bined  e t h e r e a l  e x t r a c t s  w ere  w ashed  w i th  sodium  
b i o e r b o n e t o  s o l u t i o n ,  r a t e r  and d r i e d  o v e r  m agnesium  
c u lc f r a te *  :- v a p e r a t I on o f  s o l v e n t  a f f o r d e d  a  m o b i l e  
o i l  (650 mg*) ,  t h e  i n f r a - r e d  e^eetruMB o f  we t c h  
i n d i c a t e d  i t  t o  b e  m a in ly  s t a r t i n g  m a t e r i a l *  t h e  o n ly  
c r y s t a l l i n e  m a t e r i a l  o b t a i n e d  by t r i t u r a t i o n  p ro v ed  
t o  b e  £ - t o l u e r © s u l p h o n y l  o h l o r l d a  sup*  6?-6t>°*
y l - t e i e  /OlQI3 1 3» Xl -
a2grJfcaftfiJL&« ! U J a ; ; t f c U l J u 3 a * ^ 3 i
H e d l a t t i l e d  m etheneeuIpfcopy  1 c h l o r i d e  (16*0  $ * ,
• 14 m o le )  wa® a d d ed  t o  n s o l u t i o n  f  t h e  hydro x y ^ e s t e r  
(CJLXV* R« e ,  B/ «:!) (14*5  S*» 0 * 0 7  m o le )  i n  d ry  
p y r i d l n n  (16*6  g . , 0*21  m ol*)*  A f t e r  t h e  i n i t i a l  
e x o th e r m ic  r e a c t i o n  h.<*d s u b s id e d  t u e  s o l u t i o n  was 
a l l o w e d  t o  s t a n d  In  t h e  d a r k  a t  room t e m p e r a t u r e  f o r  12  h ra *  
The R e a c t i o n  m i x t u r e ,  c o n t a i n i n g  l a r g e  a m o u n ts  o f  . 
p y r i d i n e  h y d r o c h l o r i d e *  wax d o u re d  I n t o  a I ' - r g e  e x c e s s
o f  s a t u r a t e d  e o d i \m c a r b o n a t e  e o l a t i o n  and  a l lo w e d  
t o  s t a n d ,  w i th  o c c a s i o n a l  sh a k in g #  f o r  2 n r s * ,  and  
t h a n  e x t r a c t e d  w i th  e t h e r  (2 x SO ml*}* Tam 
combined, e t h e r e a l  e x t r a c t s  w ere  washed w i t h  d i l u t e  
sulphuric acid , wat-^r and dried over magnesium sulphate* 
r e p a r a t i o n  o f  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  w i t h o u t  
h e a t i n g  a f f o r d e d  a  p a l e  y e l lo w  o i l y  s o l i d *  T r i t u r a t i o n  
w i t h  e t h e r - l i g h t  p e t r o l e u m  a f f o r d e d  t h e  c r y s t a l l i n e  
a p tm e r l c  m r n tm m m lp h a m tm  (6*6 g * ) f m*p* 86 - 1 0 3 °*
The o ily  mother l i q u o r s  (9*3 g*) which contained  some 
s ta r t in g  m a te rie l ( in f ra - re d  band a t  34?> em** (hydroxyl)) 
were re tre a te d  w ith ee thenesu lphosy l ch lo rid e  In  
p y rid in e  and worked up as  shove a ffo rd in g  th e  th ick  
l iq u id  eplmeri© ee th an esu lp h o ra te  (8*9 g*)* the* 
c r y s ta l l in e  eathsnesulphon& te c r y s ta l l i s e d  from oensene- 
l ig h t  petroleum  as co lo u rle ss  hexagonal prism s 
^«p* 115-117°, whieh melted, w ithout decom position and 
r e s o l id i f ie d  on cooling* (founds C» 54*8l li$ 6*55* 
-13^20 }5~ re q u ire s  C, 54*15; Hf 6*95/0* The 
product e x h ib ited  in f  r*?- r e t  ab so rp tio n  a t  1728 m ? *  
learbo'>et;*oxyi), 1267 and 1170 cm?-1 (metranesuXphone t e ) 
w ith a mediae band a t  3030 cm?* and a week band a t  
1650 se* l (o le f ln lc  double bond)# The u l t r a - v io l e t  
«nd»«tonor"tton ietiilM tcd £?10 * l y . j  e.*20 * i i g j  
€. 1 / £ V1 * i» 6 ? . wlmooloPBtlon r« m ) lM  wt*n ta «
c r y s t a l s  w ere  d r i e d  I** a y a t a a i  o v en  a t  5 ^ ° / o * l  mm* 
o v e r n i g  t .  t h e  I n f r a - r e d  s p e c t r a ®  a t  t h e  p r o d u c t  
was a lm o s t  I  e n t l c a l  w i t h  t h a t  o f  s t a r t i n g  m a t e r i a l  
e x c e p t  f o r  a n  i n c r e a s e  i n  i n t e n s i t y  of t h e  band  a t  
1850  cm?* w i t h  c o n c o m i t a n t  a p p e a r a n c e  o f  a  m x i m e  
I n  t h e  C 1 t r e - v i o l e t  a t  $54?§M C&oa* $QQ)*
T -e i n f r s - r e d  a p e s t r u e  o f  t h e  l i q u i d  e p l m e r l e  
m e th a n e e u lo h c n a te  waa v e ry  s i m i l a r  t o  t h a t  o f  t h e  
c r y s t a l l  i r e  ©pi- e r ,  w i th  ban i s  • t  1728  om«l ( e a r b o m e t h o x y l i , 
1257  c m f l  and 117■> cm*l (m eth a  n e s u lp h o n a  t e ) w i t h  a  
medium b a n d  a t  3^00 em t^  and a  weak band a t  1653  cm** 
( o l e f i n i c  d o u b le  bond)*  A p o r t i o n  o f  t h e  l i q u i d  
c o u l d  b e  d i s t i l l e d  a s  a  m o b i le  c o l o u r l e s s  o i l
b*p* 6 0 ° / h# j 2 mm# i n2 * 1 * 4 9 5 0 , b u t  r a p i d  d e c o m p o s i t i o n
D
o c c u r r e d  a t  8o°*  ffc I n f r a - r e d  so  r e  t r u e  o f  t h e  d i s t i l l a t e  
was m ar e d ly  d i f f e r e n t  from  t h a t  o f  s t a r t i n g  m a t e r i a l  
e x h i b i t i n g  week b e n d s  a t  177  cm*! ( X - l a c t o n e ) ,
1665 cm I 1 (conjugated ceruongrl) * nd 1600 cmjrl (arom atic)
i n  c o n j u n c t i o n  w i t h  t h e  s t r o n g  b a n d  a t  1730  cm**
(ca rb em  e  t h  oxy D *
A I M j^ .lQ n  , o f t  ,e ,m eths.nesu lphonatex««M ^
A s t i r r e d  s o l u t i o n  o f  m m i x t u r e  o f  e p i m e r t c  
o e s o l ^ b o n e t e s  ( c o x v i  .He e» / z .-,y Bm) (7 0 j mg*) 
i n  g l a c i a l  a o r t i c  a c i d  (130  m l*) was r e  f l u x e d  f o r  14 h r s *  
w i t*  s i n e  oow der (50  g* )* 'Mno was rem oved  from  t h e
c o o le d  m i x t u r e  by f i l t r a t i o n  and  c a s h e d  V’.o ro u g  ly  w i t h  
e t h e r *  The f i l t r a t e  wee n e u t r a l i s e d  w i th  - d i lu te  
sod ium  h y d r o x i d e !  t h e  e t h e r  l a y e r  e e  m m  t e d ,  washed 
w i t h  w a t e r  a n d  d r i e d  o v e r  m agnesium  s u l p h a t e *
E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a p a l e  y e l lo w  m o b i le  
o i l  (4Q-• mg*) b*p* 82 ° /Q # 6  mm., 1*5000* The
I n f r a - r e d  s p e c t r a ®  o f  t h e  p r o d u c t  was a l m o s t  I d e n t i c a l  
w i t h  t h a t  f  t h e  d i s t i l l a t e  from  t  a  l i q u i d  m etr icne -  
g u lo h o n a tS  a n d  was m a r a e i l y  d i f f e r e n t  t o  t h a t  o f  a u t h e n t i c  
o l e f i n ! c - e a t e r  (CLY$ K* e)  ( s e  l a t e r ) *  t h e  p r o d u c t  
e x h i b i t e d  a n  u l t r a - v i o l e t  maximum a t  M f ty i  |£ fc0O 0*i$00)#
A \  jS2 l?jnU ign . j X J w u a i a » i i t t J f l » 8 f . .  IO .M *
A s o l u t i o n  o f  t h e  k e t o - e n t e r  (5 7 3  m g .) i n  d rjt  
ba rusen r (50  m l* )  wee r e f l u x e d  w i t a  e t h y l e n e  g l y c o l  and  
c a t a l y t i c  a m o u n ts  o f  n a p h th a  1 a r e - 2 - s u l p t o o i t l c  a c i d  f o r  
15 h r  a .  u n d e r  a  Dean and  S t a r k  a p p a r a t u s *  th e  c o o le d  
s o l u t i o n  was w ashed w i t h  w a t e r  and d r i e d  o v e r  m agnesium  
s u l p h a t e .  e v a p o r a t io n  o f  s o l v e n t  a f f o r d e d  a c o l o u r l e s s  
o i l  (725  mg#) w h ic h ,  u n l i k e  s t a r t i n g  m a t e r i a l ,  w ould  n o t  
c r y s t a l l i s e  s p o n t a n e o u s l y .  The p r o d u c t  e x h i b i t e d  i n f r a ­
r e d  a b s o r p t i o n  • t  1735  m 7 l  ( o a r b o m e th o x y l )  and  1712 o 7l  
cyo lohe jt& none  w i th  a  medium b and  a t  345- cm7i  , h y d r o x y l ) .  
a s  t h e  i n t e n s i t y  of t h e  1735  om?A ( o a r b o s e t h o x y l )  band  
h ad  d e c r e a s e d  w i t h  r e s p e c t  t o  t h e  1712 om*1 ( c y c lo h e x a n o n e )  
b a n d ,  i n  t h e  p r o d u c t ,  i t  a p p e a r e d  t h a t  t r a n s - s s t e r 1t i c s t i e r  
h a d  o c c u r r e d  a f f o r d i n g  a  m ix t u r e  o f  k e t o - e s t e r  (CJUX| HsMe)
r r r t t s o l o n o  o f  l - o a r ^ .Q r .P to o .x g .» 5 - M lk ? iM ^ A o .C S lJ L ia i i a a “
Z s m & S f c  J  -t tiS iy j
a s o l u t i o n  a f  t h e  : e i e - e s t e r  (OLXj E r t )  (2*0  g * )
I n  m e th a n o l  (10  ml*)  was r e f l u x e d  on s te am  b a t h  f o r  
1*5 h m *  w i t h  1 V h y d r a z i n e  h y d r a t e  (1 g* )# A f t e r  
e v e a o r a t i o n  a f  t h #  m e th a n o l ,  t h e  c o o le d  m i x t u r e  was 
d i l u t e d  w i th  b e n z e n e ,  w ashed  w t h  w a t e r  and d r i e d  o v e r  
m agnesium  s u l p h a t e *  it vap  o r a t i o n  o f  s o l v e n t  a f f o r d e d  
th© p y r a s c l o n e  (1*6 g « )  «*p* 1 4 4 * 1 4 6 ° ,  w h ich
c r y s t s l H  ae& from  m e th a n o l  a s  c o l o u r l e s s  p r i s m s ,  
m*q* 1 4 7 -149 °*  ( f o u n d i  C, 5 9 * 3 5 l  H# 7*35* 
c 11h1 4 ° 2 K r a c u i r c g  C, 6 9 * 4 5 1 H, 7*4. )♦ The p r o d u c t  
e x h i b i t e d  i n f r a - r e d  a b s o r p t i o n  a t  31 3^ , 1680  and  1610  e®***
( a )  The p y r a z o l o n e  ( f o o  tag*) was a d d ed  t o  a  c o o le d  
s o l u t i o n  o f  nod in® (0 * 5  a * ) i n  d l  e t h y l e n e  g l y c o l  (25  m l* )  
and t h e  - i x t o r *  h e a t e d  t o  2 1 0 °  f o r  1*5 hr®* The 
p y r a z o l o n e  *11 a s o lv e d  a t  6 0 an d  t h e r e  we* a  v i g o r o u s  
e v o l u t i o n  c f  g a s , p r o b a b l y  h y d r o g e n ,  b e tw e e n  1§0-2G #^#
Thr c o le .1 m ix t u r e  va© lo u re d  i n t o  s a t u r a t e d  a menlu® 
s u l p h a t e  s o l u t i o n ,  s o l d ' f l e d  w i t h  d i l u t e  s u l p h u r i c  a o l d  
a n d  e x t r a c t e d  w i th  e t h e r  (2 % 2 5  m l*)*  li m  com bined  
e t h e r e a l  e x t r a c t s  w e re  w ashed  w i t h  s a t u r a t e d  ammonium 
s u l p h a t e  e o l a t i o n  an d  d r i e d  o v e r  m agnesium  s u l p h a t e *  
A v a n o r a t io n  o f  s o l v e n t  a f f o r d © d  a  brow n s o l i d  (610  mg*) 
w*p* 1 4 0 -1 4 3 * 5 ° ,  t h #  i n f r a - r e d  s p e c t ru m  o f  w h ic h  wee almost 
I d e n t i c a l  w i t h  t h a t  o f  s t a r t i n g  m a t e r i a l *
188.
(b )  a m i x t u r e  o f  t h #  p f m t o l o m  (6 1 0  m g .)  s a d  
p o ta s s iu m  h y d r o x i d e  { 5 g * )  i n  e t h y l o n e  g l y c o l  (35  m l* )  
i m  h e a t e d  a t  17 >° o v e r n i g h t  an d  worked up a s  b e f o r e *
The i n f r a  «*red a  pec ram o f  t h e  brow n s o l i d  was i d e n t i c a l  
w i th  t h a t  o f  t h e  s t a r t i n g  m a t e r i a l *
A tt«w .atafi ..
k ô l i t t o r s  o f  t h #  k e t n - a c l d  (1 .0  s . ,  m .p .  1 4 0 -1 4 2 ° )  
i n  x y l e n e  (35  m l* ) was r e f l u x e d  w i t h  c o n c e n t r a t e d  
h y d ro c  l o r l o  a c i d  (1 5  $ 1 * )  f  t  9 b r a #  t h e  c o o le d  
m i x t u r e  m®  s a t u r a t e d  w i t h  ammonium s u lp h a . to  and  t h e  
s e p a r a t e d  x y l e n e  e x t r a c t  m ashed th o r o u g h ly  w i tu  sodium  
© arhoi& t©  r e l a t i o n *  The a l k a l i n e  e x t r a c t s  m ere  c a r e f u l l y  
a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  a c id *  m a t u r a t e d  w i t h  
a -o n lu m  s u l o h a t e  and  e x t r a c t e d  w i t h  e t a e r  (S x 50 m l# )*  
The com bined  e t h e r e a l  e x t r a c t s  w ere  m ashed w i t h  s a t u r a t e d  
5T-moaiu® s u l p h a t e  e l u t i o n  a n d  d r i e d  o v e r  m agnesium  
s u l p h a t e *  v a p e n B t l o a  o f  s o l v e n t  a f f o r d e d  a  c r y s t a l l i n e  
s o l i d  ( ?  0 m g*)(m .p* 1 5 T * 1 4 0 ° ) f t u e  i n f r a - r e d  e p e e t r u e  o f
w h ich  mag i d e n t i c a l  w i t h  t h a t  o f  t h #  s t a r t i n g  m a t e r i a l *
/
l i n o  amalgam mac p r e p a r e d  by s o a k in g  a  m ix t u r e  o f  
& inc pow der (240  g* ) f m e r c u r i c  c h l o r i d e  (3 0  g * ) t o o se s i i*  ■ 
t r a t e d  h y d r o c h l o r i c  a c i d  ( l a  m l# )  end  m e t e r  HOC m i* ) 
f o r  5 mine* The a q u e o u s  l a y e r  was d e c a n te d  a n d  t h e  a i m  
amalgam cornered m i tb  w a t e r  ( l o o  m l . )  and  o o n o e n t r a t e d  
h y d r o c h l o r i c  a c i d  (9 0 $  m l* ,*  k e to - a c ld  (CLXf RaH)
(2 0 * 8  $ « )  e n d  ay l e a #  (1  >0' m l*) w e re  t h e n  ad d ed  and th©
mix**ir# re f la te d  v igorously  fo r  12 -ire* F u rth er 
p o r t i o n s  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (3  x JO  m l# ) 
wore added a t  I n t e r v a l s  of 4 hra* The cool d m ixture 
was f i l t e r e d ,  and t  # f i l t r* t©  sa tu ra te d  with 
amacnlur s u l p h a t e  and  e x tra c te d  w ith e th y l a c e ta te  
(2 x 250 ml* ;• The com bined  e th y l a c e ta te  © S tre e t*  
w e re  wash ad thoroughly w ith sa tu ra te d  sod ium  carbonate  
so lu tion*  w ater and d r ie d  over magnesium su lp h a te . 
Fweporation of so lv en t affo rded  a th ick  sw eet-sm elling  
o i l  (2*98 g*)
Toe a l k a l i n e  e x t r a c t s  w e re  c a r e f u l l y  a c i d i f i e d  w i t h  
d l l i  t o  m2 l r h u r l s  a c id *  s a t u r a t e d  w i t h  ammonium a u l p h a t e  
and  e x t r a c t e d  w i th  e t h y l  a c e t a t e  ( x 15 > m l* )#  The 
com bined e t h y l  a c e t a t e  e x t r  e t a  w e re  w ashed w i t h  s a t u r a t e d  
ammonium s u l p h a t e  s o l u t i o n  and  d r i e d  o v e r  m&gngalu® 
s u l p h a t e .  v a p o r a t l o n  o f  s o l v e n t  a f f o r d e d  a  c o l o u r l e s s  
s o l i d  (13*96 g # ) whloi was w a r  ed  w i t h  l i g h t  p e tro le u m #
The l i g h t  p e t r o le u m  I n a o l u b  e  m a t e r i a l  was rem oved by 
f i l t r a t i o n  a n d  t o e  l i g h t  p e t r o l e u m  e x t r a c t s  t a k e n  t o  
d r y n e s s  and t h e  p r o c e s s  r e p e a t e d #  The l i g h t  p e t r o le u m  
I n s o l u b l e  m a t e r i a l  (3 * 5 0  g . )  si.p# 1 3 ^ -1 5 7 °*  e x h i b i t e d  a n  
i n f r a - r e d  s p e c t r u m  a l m o s t  i d e n t i c a l  w i t h  t h a t  o f  t h e  
m i x t u r e  o f  e o l w e r i c  h y d ro x y  a c i d s  U iJ tV i f i s s ' e t t )  a f f o r d e d  
by  sod ium  h o r o h y d r t d e  r e d u c t i o n  o f  t h e  e  t o - a c i d  (CLXi Kxii) 
The l i g h t  p e t r o l e u m  s o l u b l e  m a t e r i a l  (11 g«* 57/ ) ' 
m#p# 7 5 * 1 0 5 °  e o t t ld  b e  p u r i f i e d  by  c r y s t a l l i s a t i o n  from
l i g h t  p e t r o l e u m  a s  c o l o u r l e s s  r e a d i e s  o r  by iu fe H a » t iO B  
«« rod?* t o  g lw #  t h e  ra a u I r e d  p u r e  o l e f l n l s - a o l d  ( CLV§ B*B) 
m*p* 104* 1 0 6 °  {Poundi c ,  7 3 * 3 5 1 h* 9*1# % 1 ^ 1 6 ^ 2
r#nuire*§  c ,  73*3* -> 8 * # R  ) •  The p r o d u c t  e x h i b i t e d  
i n f r a - r e d  a b s o r p t i o n  a t  l ? i O  cm?3* ( c r b o x y i ) ,  165^# 1 2 0 7 ,  
724  e r d  TIP  cm?3* fo l a  d i s u b s t i t u t e c !  o l e f t n i e  d o u b le  b o n d ) ,  
w i t h  u l t r o * v !  o l # t  # n d » a b s o r o t lo n  * 4331 6.^®^ * 2 0 1 1 
£ n ' ,/g '>-' * . 1 5 .
ROTS* -  The y i e l d  o f  o l e f l n i o - a c i d  (CLVf Bs i)  d e c r e a s e d ,  
and t h e  y 4e l d  o f  n e u t r a l  b y p r o d u c t s  I n c r ^ s a e d ,  w i th  
I n c r e a s i n g  m o t i o n  t im e*
r  >*:. ' t h -  The n e u tra l  f r a c t io n  of the  product from 
Clarmensep reduction of the “eta-acid (CLXf r*d) (20*8 g*) 
wee Iso la te d  as a th ick  yellow  ew#e t«*#me: 1 ing o i l  (2#98 &*, 
12/)# th e  product exh ib it#^  In fro -red  b- ads a t  2900,
r& 144 o®** ( p a r a f f i n ) ,  1779 om?l ( J f - l a e t o n e ) ,  w i th
weak b a n d s  a t  3000  and  163> cm*l ( o l e f i n 1 c d o u b le  b o n d )  and  
1595  **nd 14S0 cm*l ( a r o m a t i c ) *  r m e l i o r a t i o n  o f  t b s  
m i x t u r e  a f f o r d e d  t h e  l a s  t o u t #  m a t e r i a l  a s  t h e  more v o l a t i l e  
f r a c t i o n  b«p* :6 * 9 0 ° /° * 0 5  w * #  nt̂  3U5O80 a n d  t h e  p a r a f f i n  
an  the, h i g h e r  b o i l i n g  f r a c t i o n  b*p* 126- 1 3 2 ° / 0*05 mm*, 
r * *  1*5 3 1 1 * H ^ p a a te d  f r a c t i o n s ,  t  i o n  c f  t i e  f o r e - r u n  
a f f o r d e d  t h #  l a c t o n i c  m a t e r i a l  (CLXXVX) a s  a  c o l o u r l e s s
m o b i l e  s w e e t-a m e X l ln g  o i l  h*p t  0 O ° / j*  1 mm*, iy’$ 1*4968*
P
(^ o u n d i  c f 7 4 # 5 5 I H, 0*45* c l 2 ll6 °2  r# p u i* w #  0 ,  7 4 * 9 5 I 
H, 8 * 4 / ) #  t h e  p r o d u c t  e x h i b i t # :  i n f r a r e d  a b s o r p t i o n  
a t  1779 cm?3* (fl~Xaeton@) w i t h  a  weak b an d  a t  1650  cm?3*
( o l e f i n 1a d o u b le  b o nd )  a n d  u l t r a - v i o l e t  e n d - a b s o r p t i o n
£2 i^  * - 5 , gl*® s u o o i e**0/.**©  * 1 .7 1 , &
m o l e c u l a r  w e i g h t  o f  190 ( c a l c u l a t e d  192) was determined 
on th '-  mean e l e c t r o m e t e r #
a s o l u t i o n  o f  t h e  l a c t o n e  (2 0 0  mg#) i n  d r y  e t h e r  
(5  m l* ) w**« r e f l u x e d  w i th  a t l r r i n  f o r  2 hr®# w i th  l i t h i u m  
a lu m in iu m  h y d r i d e  (200 mg*)* ihm c o o le d  m i x t u r e  wee 
c a r e f u l l y  decom posed  w i t  i  d ry  e t h y l  a c e t a t e #  a c i d i f i e d  
w i t h  d i l u t e  s u l p h u r i c  a c i d  and  g e n e r a t e d  e t h e r  l a y e r  
waghed w i th  w a t e r  and  d r i e d  o v e r  e a g n e g lu w  e u lp n a te *  
ve~>or t i  on o f  s o l v e n t  a f f o r d e d  a  v i s c o u s ,  c o l o u r ! e e e ,  
n o n - e r y g t a l l l g a b l e  o i l y  d i d  (155 e g * )#  t h e  i n f r a - r e d  
^n-N3trum o f  w h ich  e x h i b i t e d  a b a n d  a t  3250 cmffl ( n y d r o o y l )  
w i t h  no a b s o r p t i o n  i n  %m c a r b o n y l  r e g io n *
' gewple of the crude neutral mixture (6*3 g*) M i 
g e n e r a t e d  I n t o  e q u a l  f r a c t i o n s  by d i s t i l  n a t io n *  She 
l a t t e r  f r a c t i o n  b*p# l o O - 1 3 2 ° / 0 * 05  mm#), was 
chromatographed on alumina (ttrede i l l )  (50 g*)* Elution 
» i t h  l i g h t  petroleum (100 m l*) a f f o r d #  a colourless o il 
1*3 g « „ (3Q £)«  t h e  p r o d u c t  e x h i b i t e d  I n f r a - r e d  
a b e o m t l e n  at 2895# 28?0* 1440# 1430  and  I36O emf* s*Uh 
*##'* bands* r t  1 6 6 )  and  1235  m Z ^  F r a c t i o n a t i o n  a f f o r d e d  
1 - m e t h y l b l c y o l o  tj5$3*3 non-a-ene e e  a colourleca# viscous# 
o il ftUMER} b#p* 120^/0*1$ ««•* «f|f 1*5220* (found1
C# 88*451 !>* 11*55* Cx^id requires C, 83*15* it*ll*3&-J
A molecular w e ig h t  of 136 (calculated 136) was determined
an  thm m .m  s p e c t r o m e t e r *  r u r t h e r  e l u t i o n  w i t h  
l i g h t  p e t r o l e u m  (130  ml*} a f f o r d e d  a p a i n  y e l lo w  
n i l  (o«48  g * )#  t h e  i n f r a - r e d  s o e e t r u m  o f  w a tc h  was 
s i m i l a r  t o  t h a t  o f  th© p a r a f f i n  {abov e)  h u t  c o n t a i n e d  
f u r t h e r  b a n d s  a t  3 00* 1595* 1437# .802* 7 ? 3  and  
7 0 0  m #1 ( a r o ^ a t i c ) *
« ■ « • « * .  « ♦ .« «  * »
5 -  c t H y l b l c v 0 1 0 l3 t 3 .*3[LgsaiftiSls.\2 .Sfl3Pfe9X yJLt£J>sM _0 «2tS l3t l
s o l u t i o n  o f  t h e  o l e f t n i c  s o l d  (CUT* B « i)  (31 mg*) 
i n  e t h y l  a c e t - i t e  was h y d r o g e n a te d  o v e r  p la t in u m  oxld© 
a t  room t e m p e r a tu r e *  t h e  t h e o r e t i c a l  u p t a k e  o f  h y d ro g e n  
(3*5 m l* ) b e i n g  a b a o r b e d  w i t h i n  5 « in a *  f i l t r a t i o n  and  
c w p o r a t ’ on o f  t h e  a d v e r t  a f f o r d e d  t h e  p a r e n t  a o l d  w h ich  
was p u r i f i e d  by  s u b l i m a t i o n  a s  n e e d l e s  m#p* 141*143°*
The p ro d u c t#  w h ich  was t r a n s p a r e n t  i n  t h e  u l t r a - v i o l e t *  
was I d e n t i c a l  ( r # p * i  mixed. m*p*j i n f r a - r e d  s p e c t ru m )  
w i t h  t h e  c a r b o x y l l c  a© I d  a f f o r d e d  by  “. o l f f - - i s h n e r  
r e d u c t i o n  o f  5 ~m e th y  l b  I cy c l  o [?  s 3 * l ]  none n - 3~o n©~ x ~ 
o a i% o x jr l le  a c i d  (XXXTT* IMS}*
s o l u t i o n  o f  th© o l e f i n i c - a c i d  (CLVi IW i)  (5*0' $ • )  
i n  d r y  e t h e r  (2 5  ml*} was t r e a t e d  w i t h  a  s l i g h t  e x c e s s  
o f  a n  e t h e r e a l  a 1©somethan© s o l u t i o n  a n d  th© s o l u t i o n  
a l l o w e d  t o  s t a n d  a t  r e ' i s  t e m p e r a t u r e  f o r  2 h r e *  A f t e r  
a d d i t i o n  Of a  l i t t l e  a  c a t  ‘ c a d d #  t h e  e t h e r e a l  s o l u t i o n  
w as w ashed  w i t h  d i l u t e  sod ium  b i c a r b o n a t e  s o l u t i o n #  w a t e r
N5.
a r d  d r i e d  o v e r  f ^ g n e e ia a t  s u l p h a t e *  E v a p o r a t i o n  o f  
s o l v e n t  a f f o r d e d  a p a l e  y e l lo w  r o b l i e  o i l .  (5*1 g*J 
w i t h  a aam ohojp^li e  odour*  r a e t i o n a t l o n  a f f o r d e d  t r ie
e a t e r  a* * c o l o u r l e s s  o i l  b*p* 5 5 ° / 0 * l  tarn*, n f x l* 4 o 2 5 *
y
( ^ o u n d * C, 7 4 * 0 5 1 fi* 9 * 4 .  . r e q u i r e s  C, 7 4 * 2 1
H, 9*3!1 )* T a r  p r o d u e t  e x h i b i t e d  i n f r a - r o d  a b s o r p t i o n  
a t  17?$  o~7x (g a rb e m e th o x y  1 3 ,  3 'i:5» 1 6 5 - ,  1 2 0 2 , 713* 
a n d  701 ( d  f| d i e u f e e t l t u t e d  o l e f i n l e  d o u b le  b o n d )  
w i t h  u l t r a - v i o l e t  e n d * a f c s o r p t lo n ,  £ : ;iw 9 p f i i E * ®  -  S f8§  
E ax  Ve T?o = 2*13*
In  l a r g e  s c a l e  work i t  was fo u n d  d i f f i c u l t  t o  p u r i f y  
t h e  o l e f i n l c - a e i d  {CLVf Ttmtl), t h u s  t h e  c ru d e  l l g  ; t  
^ t r o le u m  s o l u b l e  a c i d i c  v a t e r i e l  f r e e  t  ■ Isem efie sn  
r e d u c t i o n  wee « n t e r t f i - - d  d i r e c t l y  an d  t - .e  o i e f l n i c - e g t e r  
(O tVi Hai£e) p u r i f i e d  by  d i s t i l l a t i o n *  fH # b o i l i n g  p o i n t ,  
r e f r a c t i v e  i n d e x ,  I n f r e - r e d  and  u l t r a - v i o l e t  s p e c t r a  
o f  t h e  o n c e - d i s t i l l e d  e s t e r  w e re  i d e n t i c a l  w i t h  t h e  p u r e  
e s t e r  a n d  i t  wee n o t  u n t i l  a m b i g u i t i e s  a r o s e  I n  l a t e r  
v o rk  t h a t  d o u b t s  n® t o  t h e  p u r i t y  o f  t h e  e n t e r ,  so  
p r e p a r e d ,  w e re  c o n s i d e r e d *  K x a m ln a tio n  o f  t h e  v a p o u r  
o b e s e  ohrom** to g  ram  o f  t a a  e a t e r  r e v e a l e d  two bands*  The 
w i n  b a n d ,  a t t  I  b a t e d  t o  t h e  o l e f i n i e a s i e r  (CLVj £ •  e ) ,  
wee e l u t e d  a f t e r  IP  n i n e  a t  I 3 6 0 , a n d  a  s e a t  b a n d  ( 5 " 1 * W » 
a t t r i b u t e d  t o  t h e  k e t o - e s t e r  tCLXj R* e ) ,  e l a t e d  a f t e r  
P5  Hne*
r o r  l a r g e  s c a l e  p u r i f i c a t i o n  o f  t h e  c l e f i n i c h e a t e r  
(CLVj Re a ) ,  a s o l u t i o n  o f  t h e  c r u d e  e s t e r  In  m e th a n o l  
was t r e a t e d  w i th  one e q u i v a l e n t  o f  ©odium b o r o h y d r ld *  i n  
« l i t t l e  we t e r  and t h e  m ix t u r e  a l lo w e d  t o  s t a n d  a t  room 
t e n r p e r s t u r #  f o r  2 h r e *  The m i x t u r e  was p o u re d  i n t o  a  
l a r g e  vo lum e o f  w a te r#  a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  
a c i d  and e x t r a c t e d  w i th  e th e r #  The e t h e r  e x t r a # t #  w ere  
c a c h e d  w i th  w a t e r  and  d r i e d  o v e r  magneeluB? s u l p h a t e *  
E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  ft ow eet-s-: e l l l n g  m o b i l e  
o i l ,  t h e  i n f r a - r e d  s p e c  t r u l l  o f  w h ic h  e x h i b i t e d  a  s h a r p  
b a n d  a t  1728 c s f l  ( c a rb # m e th o x y  1 )  w i t h  a weak fe&nd a t  
347') cmyl (hy d ro x y l)*  k s o l u t i o n  o f  th e  p r o d u c t  In  
l i g h t  p e t r o l e u m  was c h ro m a to g ra p h e d  on a lu m in a  (G rad e  H)
(1 0  x * t*  p r o d u c t ) *  l u t i o n  w i t h  2Q& b # n s # n # * » l l s h t  
'■■otrolcur (4  x 600  m l* ) a f f o r d e d  t h e  p u r e  o l e f i n l c - e a t e r  
(CLV; z q) w h ich  was e l u t e d  %& o m  b a r d  on t h e  v a p o u r -  
vh&ae c; rom atog ram  a f t e r  6 i r in a*  a t  1 5 0 ° .  The p r o d u c t  
was t h e n  d i e t i l l e d  b e f o r e  u se*
u r t h e r  e l u t i o n  w i t h  e t h e r  (3  x 6->: m l*) a f f o r d e d  e m a i l  
a m o u n ts  o f  a n  o i l ,  t h e  i n f r a - r e d  a p e # t r u e  o f  w h ich  showed 
i t  t o  c o r s e l e t  m a in ly  o f  t h e  o l e f i n t c - e s t e r  (OLVf Rmftfe), 
h y d ro x y  - e s t e r  (01* XVf Bm e , B *iU w i t h  a band  a t  1779  amf l  
( V - l a e t o n r ) *  fh# vapour-phas© c h ro m a to g ram  of  a  s a m p le  
a t  14.6° i d e n t i f i e d  s i x  b a n d s ,  e l u t e d  a f t e r  4§* 5 i*  6 i*  1 1 ,
12 a n d  14$ m ine* r e s p e c t i v e l y #  From a. num ber o f  r u n e  i t  
was fo u n d  t h a t  t h e  k e t o - a c l d  (Ci*X| Bm.\) (174  g* ) a f f o r d e d  
p u r e  o l e f i n i e - e s t e r  (CLV|B«h©)(66*8  g * )  i n  3& o v e r a l l  y i e l d
chloride ( liA'iXLl
o m l y  1 c h l o r i d e  (15 m i* )  was ad d ed  t o  a  e o l a t i o n  
o f  t h e  * c tc ~ s o id  (cLX$ B.ml) (15  g * )  i n  d r y  b e n a e n e  (50  m l . )  
e n d  t h e  s o l u t i o n  a l l o w e d  t o  s t a n d  .? t  room t e m p e r a t u r e  
o v e r n i g h t *  v a p o r a t i o n  of s o l v e n t  a f f o r d e d  a  p a l e
y e l l o w  o i l  (16* 4  g * ) w h ic h  r a p i d l y  s o l i d i f i e d #
C r y s t a l l i s a t i o n  from  l i g h t  p e t r o l e u m  a f f o r d e d  t h e  a c i d  
c h l o r i n e  a s  c o l o u r l e s s  or!erne sup*  74~ 73y * (Found*
C, 5 2 *4 ; .'if 6* 25 ; C l ,  1 6 * 4 5 . °ll**13'~2c * r e  m i r e s  
C, S 2 * i5 l  $ 6 * 1 ;  C l ,  1 6 * 7 /)#  The r e d a c t  e x h i b i t e d
i n f  i r - r e d  a b s o r p t i o n  a t  1778 a n d  740  cm*l ( a c i d  c h l o r i d e ) ,
17 S cm fi ( o y o lo h e x a n o n e ) ,  3 X 0  a n d  165 #» *x ( o l e f l n i c
d o u b le  bo n a )*
L n m ^ } . a t e n E .r.€g.gLlion,._,if jL i i_ X c lP - -a c ia  i x x i  R sa)
• s o l u t i o n  o f  t h e  no id  c h l o r i d e  (ChKAXl) (11*3  g * )  
i n  d r y  b e r e e n r  (25  m l* ) was ad d ed  s lo w ly  w i th  s t i r r i n g  t o  
a n  i c e - c o l d  s o l u t i o n  o f  d i a a o m e th a n e  (2 e q u i v a l e n t s )  i n  
e t h e r  (1 1 * )  and  t h e  s o l u t i o n  s t i r r e d  g e n t l y  f o r  2 h r e *  
a t  0 °  a n d  f o r  12 h r* *  t  r o m  t e m p e r a tu r e #  E v a p o ra te  on 
o f  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  w i t h o u t  h e a t i n g  
a f f o r d e d  t h e  d la s o fe e te i i*  a s  a  t h i c k  y e l lo w  n o n -c ry  s t a l l 1s a b l e  
o i l  (11*5  g # ) #  The p r o d u c t  e x h ib i - to d  i n f r a - r e d  a b s o r p t i o n  
a t  3 1 0 0 , a r o u  and. 1620  o m fl  ( d i a s o k e t o n e ) ,  1708 om fl
( e y c io h e x a n o n e )  mna  JOOQ < n j l  t o l e f i n i o  d o u b le  b o n d )*
3 -e n # -9 ~ o n e  (OtX.XXs BaBu.l),
A g e n t l y  ref lusted* s t i r r e d  s o l u t i o n  f t h #  c r u d e  
d t a s o k e t o n e  (1 1*5  g# > i n  d ry  j ^ f e u i a n o l  (>50 m l* ) was 
t r e a t e d  P o r t t o i m t a #  o v e r  0*5  h r*  w i t h  a  s o l u t i o n  o f  
s i l v e r  b e n s e a t©  (1*8  g « )  I n  d ry  t r i e t n y l a m i n ©  (18  m l# ) 
and  t h #  r e l a t i o n  m ix t u r e  r e f l u x e d  f  o r  a  f u r t h e r  4  h r# *
At t h e  end o f  t h i s  t im e  t h e  i n f r a - r e d  e p e e t r u e  o f  an  
a l i q u o t ,  rem oved  from t n #  r e a c t i o n  a n d  e v a p o r a t e d  t o  
d r y n e s s ,  tn d  e a t  ad t h e  p re s e n c e  o f  &0 - 30/S u n r e a e t e d  
d t a e e k e to n # *  A f u r t h e r  am ount o f  c a t a l y s t  s o l u t i o n ,  
s i l v e r  b r n s o g t©  (1*5  g * ) i n  d ry  t r i e t h y l a g l n ©  (15 m l # ) ,  
was t h e n  added*  -h e n  'h a l f  o r  t h i s  c a t a l y s t  e o l a t i o n  
h a d  b e e n  a id e d  t h e r e  was «to f u r t h e r  e v o l u t i o n  o f  
n i t r o g e n  a n d . t h e  i n i t i a l  p r e c i p i t a t e  d id  n o t  r e a d i l y  
r a d l e s o l v e  a s  h a d  o c c u r r e d  p r e v i o u s l y #  Th# r e m a in d e r  
o f  t h e  c a t a l y s t  s o l u t i o n  was t h e n  ad ded  a n d  t h e  m ix t u r e  
r e f l u x e d  g e n t l y  o v e r n i g h t #  A f t e r  e v a p o r a t i o n  o f  t h e  
s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e *  t h #  a n d #  p ro d u c t  was 
c h ro m a to g ra p h e d  on a lu m in a  ( $ r e d e  I I I )  (110 g*}# E l u t i o n  
w i t h  b e n s e n e  (4 x loo m l* )  a f f o r d e d  t h e  •<■t o - e e t e r  
( c l x x x i  R * n u t)  a#  a  t h i c k  pal©  r e d  n o n - c r y a t a l l t s a b l e  
o i l  ( 8*07  g#}« t h e  ^ r e d n e t  e x h i b i t # -  i n f r a - r e d  
a b s o r p t i o n  a t  1710  cmZx ( C g f f e e - j^ b u to g y i  a n a  © y e le h e x a n o n e 4 
3O00 cmT2* ( o l “f i n i s  d o u b l e  b o n d ) ,  1760  ©gyl C & -l© e to n e) ,  
1382  and 13#2 <r«fl (g $ g  d i m e t h y l )  w i th  week b a n d s  a t  
3420  ( h y d r e f l y l ) ,  1640  an d  X6 Q #m*l*
IH/.
A s o l u t i o n  o f  tfc<? krto~m%er (CLXXP£§ {?• 17 S*)
i n  m e th a n o l  (25  m l* i was r e f  l u x  • d f o r  2 h r s #  on a  a team  
b a t h  w i t h  a  s o l u t i o n  o f  sodium  h y d r o x i d e  (S g » )  In  w a t e r  
(5  » ! * ) •  i f t o r  e v a p o r a t i o n  of t n e  s o l v e n t  u n d e r  r e d u c e d  
r e s t o r e *  t n e  o o l e d  m ix t u r e  was d i s s o l v e d  I n  w a t e r  s* d 
e x t r a c t e d  w i t h  o th e r *  t h e  a q u e o u s  e x t r a c t s  w e re  s o l d i  f l e d  
w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  s a t u r a t e d  w i t h  
n m o n iu r  s - i l p h a t e  and  e x t r a c t e d  w i t h  e t h e r  (& x 50  o il*)#
The c a b i n e d  e t h e r e a l  e x t r a c t s  w ere  w ashed w i t h  s a t u r a t e d  
a - io n iu m  s u l p h a t e  s o l u t i o n  an d  d r i e d  o v e r  m agnesium  s u l p h a t e *  
F v s p o ra t lO B  o f  s o l v e n t  f u r n i s h e d  t h e  e t o - s o l d  me a  n o n -  
e r y s t & l l l t t a b  « g l a s s  £5#66 g * )*  
l l S S f i  » K T m » tto l» 5 « « » t te r tM g > .a l .o  f e m f l
J M E u jm i
k  s o l u t i o n  o f  th e  &r t o - a c l d  (5*66  g * ) i n  &r$ s t heriM^mX) 
was t r e a t e d  w i t h  a  s l i g h t  e x c e s s  o f  an  e t h e r e a l  d i s s o m e th a n e  
s o l u t i o n  and  t n e  s o l u t i o n  a l lo w e d  t i  s t a n d  a t  room t o s p e y e *  
t u r n  f o r  ? ftra*  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  t*i* fce to -  
e i* te r  «e a t h i c k  r e d  n o n - c r y ® t & l l l s a b i e  o i l  ( 6*05 g « ) •  frie  
p r o d u c t  e x h i b i t e d  I n f r a - r e d  b a n d s  a t  17&0 emsrl (cm rb o -
ih o x y l  -<r*d e y e l o n e x a n o n e ) ,  1TS0 e e f 1 ( t f - l & c t o n e ) # 3400 cm** 
( h y d r o x y l ) •  The p r o d u c t  c o u ld  b e  d e c o l o r i s e d  by 
c r o s e t e r r a o h y  on s i l i c a *  d u t i e s  w i th  5$ e th « r» b e R S e n e  
a f f o r d i n g  t h e  e t c h e s t e r *  w i th  no im p ro v em en t i n  t h e  i n f r a ­
r e d  s o s c tn tm *  f r s e t l c s i s . t i b i k  a l s o  a f f o r d e d  no c h e m ic a l  
p u r i f i c a t i o n  o f  t h e  k o t o - a s t a r  b#p# 9 v - l l5 ° /Q * Q 2  mm•
. a n n p r t f  w k .. t a w t
JS to& M M * t b s  r e a g e n t  mm  p r e p a r e d  
by a c t i n g  c - r o m iu o  t r i o x l d ©  (34 g * ) I n  e ^ a i l  p o r t i o n s  t o  
* c e ~ c o o le d  t - b u t a n o l  (5 0  g * j t f o l l o w e d  by d i l u t i o n  w i t h  
b e n z e n e  (15  m l*)*  f h e  b e n z e n e  s o l u t i o n  was d r i e d  o v e r
m cgnesium  e u la b a t e *  f i l t e r e d  and g l a c i a l  a c e t i c  a c i d  
(15 hX* ) an d  a c e t i c  a n h y d r i d e  (10  e l * )  ad d ed  j u s t  p r i o r  
t o  t h e  o x i d a t i o n *  t h e  o x i d a n t  was added  &ropwi»© w i t h  
u t l r r i r r  o v e r  1 h r*  t o  a  s o l u t i o n  o f  t h e  o l e f i n i c - e s t e r  
(11*55  g * ) i n  b e n s m e  (55  ml*}* e n a o y l  p e r o x i d e  (0 * 5  g * } 
wa© added  and  t h e  m ix t u r e  s t i r r e d  g e n t l y  and  warmed t o  
4 6 °  I n  an  o i l  b a t h  f o r  135 h re#  t in d e r  an  a tm o s p h e r e  o f  
n i t r o  on* a  t e r  ( 1 ) 0  m l* ) and  o x a l i c  a c i d  (6 j  g *) w e re
c a r e f u l l y  a d d e d  t o  t h e  c o o le d  s o l u t i o n *  w i th  v i g o r o u s  
s t i r r i n g *  t h e  benzene l a y e r  w as' t h e n  s e p a r a t e d  a n d  t h e  
a q u e o u s  l a y e r  e x t r a c t e d  w i t h  b en ze n e*  t h e  combined 
b e n z e n e  e x t r a c t s  w ere  w ashed w i t h  d i l u t e  sodium  
tot c a r b o n a t e  s o l u t i o n *  w a t e r  and  d r l a d  o v e r  m agnesium  
s u l o h a t e *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a  brown o i l  
(9*9  g«}» w hich  e x h ib i t e d ,  a n  u l t r a - v i o l e t  maximum a t  
~/j (&h*2C0>* In  s s i m i l a r  e x p e r im e n t  i n  w h ic h  t h e  
r e a c t i o n  t e m p e r a t u r e  was m a i n t a i n e d  a t  52° f o r  135 h r s * *  
t h e  I n t e n s i t y  o f  in© u l t r a v i o l e t  maximum i n  th e  
p r o d u c t  was 4*600* ' A f t e r  s t a n d l o g  f o r  24  til 's*  t h e
p r o d u c t  mm  d i s s o l v e d  In  b e n z e n e  end  f i l t e r e d  from 
p r e c i p i t a t e d  chromium r e s i d u e s *  E v a p o r a t i o n  o f  s o l v e n t  
a f f o r d e d  an  o i l  (9*15  g * )•
<*>> tkMcKr y  1 4 1  H H I f t  M U *
( 1 ) a s o l u t i o n  o f  o h r o a l u a  t r l o x l d e  ( 0 .3  g . ) i n  
»nuQOti@ a c e t i c  « e i d  (S e l # )  w&a ad d ed  t o  a.  s o l u t i o n  o f  
t h e  o l o f l n l c - e o t o r  (0*9  g * ) I n  a c e t i c  a c i d  (5  m l* ) 
and  t o e  s o l u t i o n  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  
f o r  B h r n * ,  t h e n  p o u re d  i n t o  w a t e r  and e x t r a c t e d  with, 
e t h y l  a c e t a t e *  The com bined  e t h y l  a c e t a t e  e x t r a c t *  
w ore  w eshed w i th  s a t u r a t e d  sod ium  b i c a r b o n a t e  s o l u t i o n ,  
w a t e r  and  d r i e d  o v e r  m agnesium  s u l p h a t e *  E v a p o r a t i o n  
o f  s o l v e n t  a f f o r d e d  a  c o l o u r l e s s  o i l  (0 *6  g* )* t h e  
i n f r a * r e d  s p e c t ru m  o f  wh^ eh  e x h i b i t e d  a  w®al< b a n d  at 
1677 cht! ( e o  nJugst e d  c a r b o n y l ) *  The a ll-sa l In# e x t r a c t s  
c o n ta *  ned no i s a l a b l e  c a r b o x y l i e  m a t e r i a l *
( i l )  \ s o l u t i o n  o f  t h e  o l a f i n i e - e e t e r  ( *6 g * } I n  
n o e t i c  a e l d  (3  m l* ) we. a w a n e d  on a  a team  b a t h  f o r  10 mine* 
w i t h  a  s o l u t i o n  o f  chrom ium  t r l  o x i d e  i n  a q u e o u s  a c e t i c  
a c i d  (5  m l* )*  t h e  c o o le d  >?rehn s o l u t i o n  was p o u re d  
i n t o  w a t e r  r nd e x t r a c t e d  w i th  e t h y l  a c e t a t e *  t h e  
com bined  e t h y l  a c e t a t e  e x t r a c t s  w e re  w ashed w i t h  d i l u t e  
eod ium  b i c a r b o n a t e  s o l u t i o n ,  w a t e r  a n d  d r i e d  o v e r  
m agnesium  s u l p h a t e *  ' v a p o r a t t o n  o f  s o l v e n t  a f f o r d e d  a  
y e l l o w  o i l  ( 0*5 3  B*)» t h e  i n f r a - r e d  s p e c t ru m  o f  w h ich  
e x h i b i t e d  a  medium b a n d  a t  1677 m f 1 ( c o n j u g a t e d  carbonyl)* 
T he p r o d u c t  e x h i b i t e d  a n  u l t r a - v i o l e t  maximum a t  
$3 7* ^ 1 , 5  • ■)•
(1 1 1 )  a  s o l u t i o n  o f  t h e  p r o d u c t  ( 0*53 5 * )  from
Zoo.
e x p e r im e n t  (11.)* I n  a c e t i c  mold ( 5 ml*) was warmed 
on a s te am  b a t h  f a r  1 m ins* a n d  worked up a s  above*
The n e u t r a l  f r a c t i o n  (7*15  g * )  e x h i b i t e d  medium I n f r a ­
r e d  b a m s  a t  1770 omyl C # - l a c to n e )  and  1677 cmyi (er*one) 
w i t h  a  s t r o n g  band  a t  1735 omi3- { c a rb o m e th o x y i)*
( a )  * s o l u t i o n  f  t h e
o l e f l n l  G - e s t e r  (86*7  g*» 0*447  a o l e )  end  sod ium  
d l c h r o r a a t e  d i h y d r e t e  (315*4  g*# *733 I n  a c e t i c
a c i d  ( 50Q m l* )  was h e a te d  a t  90°  f a r  1 * 5  h re *  e t h a n o l  
Cl o  m l* ) mass a d d e d  t o  t h e  h o t  s o l u t i o n  t o  decom pose  
t h e  e x c e s s  o x i d a n t  a n d  t o e  r e s u l t i n g  g r e e n  s o l u t i o n  
c o o l e d ,  d i l u t e d  t o  2 X* w i th  w a te r*  and  e x t r a c t e d  w i t h  
e t h e r  (3  x 500  m l*)*  m e  combined, e t h e r e a l  e x t r a c t s  
w are  w ashed t o  n e u t r a l i t y  w i t h  d i l u t e  sodium  h y d r o x id e  
s o l u t i o n ,  i h ^ n  w i th  w a t e r  and  d r i e d  o v e r  magnesium 
s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  © y e l lo w  
o i l  (69*3  g * )» t h e  i n f r a - r e d  s p e c t ru m  o f  w h ic h  e x h i b i t e d  
a  mediiae band  a t  1677 cm?! (enonc?) an d  a. weaic band, a t  
1770  cmyl ( X - l a c t o n e ) ,  w i t h  an  u l t r a - v i o l e t  maximum 
a t  ?3  ty* (£3# *. 7 *
i/.’r lg lS ^ l .q n  o f  ,tM  an o n e -fa ta r  ..(GlVIi ^ e )
( a )  A e o l  t i o n  f  t h e  Im pure e n o n e - e s t e r  (9* 15  g . )
(f rom  1 - b u t y l  c - .ro m e te  o x i d a t i o n  o f  t h e  o l e f l n t e - e a t e r  
£1 1 .56  s . ) ) ,  In  l i g h t  p e t r o l e u m  r b r  c u ro su s to g ra p h e d  on 
a lu m in a  (G ra d e  I I I )  (170  g » ) .  l u t i o n  v i t a  l i g h t  
p e t r o le u m  (P o  x g o  m l . )  a f f o r d e d  t . . e  o l e f i n l c - e e t e r  ( ? . 2 g « ) ,
a n d  f u r t h e r  e l u t i o n  w i th  (1 7  x 5°  m l*) o f  m ix t u r e s  
r a n g i n g  f r m  5$ b e n s e n e - l i g h t  p e t r o le u m  t o  §0, b e n x e n e -1  
l i g h t  m e t r o le a *  s u f f i c e d  t o  e l u t e  t h e  o l e f i n l c - e s t e r  
c o m p le t e ly  (0*9 g .  )* E l u t i o n  w i t h  b e n z e n e  ( la  x 5$ m l* ) 
and  e t h e r  (5  x 50  m l* )  a f f  o rd ed  t h e  e n o n e - e s t e r  (2*75  &*)» 
w hich  e x h i b i t ©  an  u l t r a - v i o l e t  taaxlstutg a t  23°  sju (£5#OuO)* 
( c )  \1 th o u g h  t h e  o l e f I n i c - o s t e r  (CtV; RsMe) was
q u i t e  v o l a t i l e ,  (b*p* r ^ / o .  i mm*), e f f i c i e n t  s e p a r a t i o n  
fro*- t h e  e r o n e - o s t e r  ( CLVT} R*&e) c o u ld  n o t  b e  e f f e c t e d  
by  f r a c t i o n a l  d i s t i l l a t i o n  a t  0 . 1  mm*
<d) a s o l u t i o n  o f  t h e  c r u d e  e n c n e - e s t e r  (5  s # )  I n  
m e th a n o l  (5 0  m l . )  was r a f l u x e d  on a  a teem  b a t h  f o r  5 h r s *  
r l t h  a s o l u t i o n  o f  sod ium  h y d r o x id e  (1*5 g * )  I n  w e t e r  
(5  m l . ) *  f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t  u n d e r  r e d u c e d  
p r e s s u r e ,  t h e  c o o le d  m i x t u r e  was d i l u t e d  w i t h  w a t e r  (25m l*) 
and e x t r a c t e d  w *ih  e t h e r *  The a q u e o u s  e x t r a c t  was 
a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  a c i d ,  s a t u r a t e d  w i t h  
arnmonluB s u l p h a t e  and e x t r a c t e d  w i t h  e t h e r  (2 x  25  m l*)*
The com bined e t h e r e a l  e x t r a c t s  w e re  washed w i th  
s a t u r a t e d  a- monlum s u l p h a t e  s o l u t i o n  and d r i e d  o v e r  
m agnesium  s u l p h a t e *  E v a p o r a t i o n  of s o l v e n t  g a v e  a 
t h i c k  o i l  (4 f # ) w h ich  on t r i t u r a t i o n  w i t h  l i g h t  
p e t r o l e u m  a f f o r d e d  t h e  o l e f l n l c - a c l d  (CL?| B«H) ,  w h ich  
c r y s t a l l i s e d  a s  c o l o u r l e s s  n e e d l e s  ( p . 5 g # ) a s  t h e  
l i g h t  p e t r o l e u m  s o l u b l e  f r a c t i o n .  The n o n - l i g h t  
p e t r o l e u m  s o l u b l e  f r a c t i o n  was o b t a i n e d  &b a  t h i c k  red
o i l  ( 1 .1  g # ) w h ich  was t h e n  * s t a r i f f e d  w i t h  d laaorce th& ne*  
The r e s u l t a n t  im p u re  e s t e r  was t r i t u r a t e d  w i t h  l i g h t  
p e t r o l e u m  a f f o r d i n g  Im p u re  e n c m e - e e t e r  (CLVX* B*P©) a s  
t h e  1 1  i t  p e t r o l e u m  s o l u b l e  f r a c t i o n  (3#8 g*}#  t h e  
p r o d u c t  e x h ib i t# * !  an u l t r a - v i o l e t  eximim a t  £30932 
( 8 7 ,  ; )# S m a ll  a m o u n ts  o f  n y a r o x y l i c  m a t e r i a l  were
fo u n d  t o  be  i n s o l u b l e  I n  l i g h t  p e tro le u m #
( e )  ( I )  a m i x t u r e  o f  t h e  c r u d e  e n o n e - e s t c r  (1*24 g # )#
t h e  d i r a r d  T r e a g e n t  (£ # ?  r * ) and  IK 170 <11 > a m b e r l l t e  
r e * i n  ( #5 s # )  ( o r e v t o u e l y  a c t i v a t e d  w i t h  1 k h y d r o c h l o r i c  
a c l i )  was r e f l u x e d  f o r  3#3 h r#  w i t h  e t h a n o l  (4 0  ®1*}#
The c o o le d  m i x t u r e  was d e c a n te d  I n t o  w a t e r  (IOC m l# ) 
e n d  e x t r a c t e d  w i t h  e t h e r  (p x 25 m l , ) #  The com bined 
e t h e r e a l  e x t r a c t s  w ere  w ashed  w i t h  w a t e r  a n d  d r i e d  
o v e r  m agnesium  su lp h a . te #  E v a p o r a t i o n  o f  s o l v e n t  
a f f ' - r d e d  an o i l  (0 * 7 ?  $ • )  w hich  e x h i b i t e d  a w*ac b an d  
a t  1677  o m ;l  ( e n o r te ) w i t h  a b s o r p t i o n  b e n d s  from  1200  t o  
700  c ^ # l  s i m i l a r  t o  thoe©  fo u n d  i n  t h e  s p e c t r u m  o f  t h e  
o l e f i n i o - e a t e r #  40a: f o r m a l i n  s o l u t i o n  (25  m l#) was 
ad d ed  t o  t h e  a q u e o u s  s o l u t i o n #  and t h e  r e a c t i o n  m i x t u r e  
a  low ed  t o  s t a n d  a t  raom t e m p e r a t u r e  o v e r n i g h t  b e f o r e  
e x t r a c t i n g  « l t h  e t h e r  (2  *  50 ml#}# The com bined 
e t h e r e a l  e x t r a c t ©  w e re  w ashed w i t h  w a t e r  and  d r ' e d  o v e r  
m agnesium  s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  
a m o b i l e  brow n o i l  (0 * 0 5  £ • )  h iefe  e x h i b i t e d  a  b r o a d  
b an d  I n  t  e  i n f r a - r e d  a t  1725  o m rl  ( carbons a t  boxy 1 ) ,  w i t h  
medium b a r d s  a t  1677  em yl ( ©none) a n d  177 0cmZl  ( t f - l a c t o n e ) #
( i t )  a s o l u t i o n  o f  t h e  im p u re  e n o f i m t t r  (232 mg*) 
i n  m e th a n o l  (5  « ! • )  was a l lo w e d  t o  s t a n d  ; v e r n l s h t  a t  
room t e m p e r a t u r e  w i th  e x c e s s  sem lcarbaJBi& e a c e t a t e  
s o l u t i o n *  As no c r y s t a l l i n e  m a te - r ia l  s e p a r a t e d ,  t h e  
s o l u t i o n  was p o u r e i  i n t o  w a t e r  (2 5  m l*) a n d  t h e  
c o l o u r l e s s  sem io a rb & so n e  (?4  mg*) f i l t e r e d  o f f j  f u r t h e r  
d i l u t i o n  w i th  w a t e r  a f f o r d e d  more s q t i e a r b a & e n e  (36 m g*), 
w h ic h  c r y s t a l l i s e d  from a q u e o u s  m e th a n o l  a s  c o l o u r l e e #  
n e e d l e s  »#p* 1 9 0 -1 9 2 °*  ( ro u n d s  h ,  15*3 i ^ 1 5 ^ 1 9 ^ 3 %
r e q u i r e s  ft# 15 *OS' ) •
( f ) (1 )  a s o lu t tO B  o f  t h e  im p u re  © n o n e - e s t e r  (2*Q 5s«) 
i n  e t h e r (1 9 r l * )  was ad d ed  s lo w ly  t c  a s o l u t i o n  o f  
l i t h i u m  (1*8 f > ) In  l i q u i d  ammonia (600 e l * ) a n a  t h e  
r e a c t i o n  m ix t u r e  s t i r r e d  f o r  2 h ra #  A f t e r  n e u t r a l i s i n g  
w i t h  ammonium c l  o r  I d a ,  t h e  amsionia was a llow ed , t o  
e v a p o r a t e  a n a  t h e  r e s i d u e  s o l d i  f l e d  w i th  d i l u t e  s u l p h u r i c  
a c i d  and  e x t r a c t e d  w i t h  e t h e r  (2 x po ml*}# Tne 
com bined  e t h e r e a l  e x t r a c t s  w e re  w ashed  w i t h  d i l u t e  
s'Odium h i  c a r b o n a t e  s o l u t i o n ,  w a t e r  end d r l a d  o v e r  
m agnesium  s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a  
t h i c k  o i l  (1 * 4 5  &*) w h ich  e x h i b i t e d  a  s t r o n g  hood  i n  
t h e  i n  f r a - r o d  a t  3 5 0 0  crz*1 (hyo r o x y l ) ,  a  medium b a n d  
a t  1695  c o f i  ( k e t o n e ) ,  a  weak band, a t  1677  I M f t  ( » m w i?  
w i t h  no a b s o r p t i o n  a t  1 7 3 5  i i § &  (e a s fc e a e th o jq r i ;*  A 
s o l u t i o n  o f  t h e  p r o d u c t  i n  a c e t i c  a c i d  (83  s i * )  was 
t r e a t e d  w i t h  chrom ium  t r i o x i d e  11*6 g * )  a t  room
t e m p e r a t u r e  o v e r n ig h t#  t  ers o u re d  i n t o  w a t e r  (353  m l#) 
en d  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  ( 2 x 1  0 m l*)*  The 
com bined  e t h y l  a c e t a t e  e x t r a c t *  w e re  w ashed  w i t h  w a t e r  
a n d  d r i e d  j v e n a g » e « i u a  s u l p h a t e *  E v a p o r a t io n  o f  
s o l v e n t  a f f o r d e d  a  v i e o o u s  o i l  (1*1 9  g * ) ,  w h ic h  was 
e s t e r i f l e d  w i t h  d l a a e m e th a n e  t o  g i v e  a  m o b i l e  o i l  ( l # 1 4 g * )• 
a  s o l u t i o n  o f  t h e  e s t e r  m ix t u r e  (1*14  g # )  i n  l i g h t  
p e t r o l e u m  (b*p« 6 0 - 3 0 ° )  was c r o m a tc g ra p h e d  on 
a lu m in a  (G ra d e  I )  (31 i u t i o n  w i t h  SQfi b e n x e n e -
l i i a t  p e t r o l e u m  (b*o* 6 0 - 8 3 ° )  (1 0  x 53 m l* )  a f f o r d e d  
p u r e  c l  f i n t e - e s t e r  (OLVi R*.-.«) (0 * 2  g* )«  E l u t i o n  
w i t h  b e n s e n e  (6 x  53 m l . )  g a v e  p u r e  k e t o - e e t e r  (CLXIIf 
R » . 'e )  (0*15  g * )»  w h i l e  f u r t h e r  e l u t i o n  w i t h  e t h e r  
(4 x 5 -  m l*) g a v e  a  m ix t u r e  o f  t h e  r t o - e s t e r  ( C L I l l f B s E e )  
and  t h e  e r o n e - e s t e r  (GLVIf I s  e )  (0 * 3  g * )«
( i t )  a s o l u t i o n  o f  t h e  Im p u re  c a o n e - e s t e r  ( 38*8 g # )  
i n  e t h y l  a c e t a t e  was h y d r o g e n a te d  o v e r  10$ p a l l e d l u m -  
c h a r c o a l ,  h y d ro g e n  ( 2 ,5 5 0  m l*) b e i n g  a b s o r b e d  o v e r  6 h r s *  
f h e  f i l t e r e d  s o l u t i o n #  on e v a p o r a t i o n ,  a f f o r d e d  a  
m i x t u r e  o f ,  a t  l e a s t #  t h e  x e t o - e s t e r  (OLIXIf B e e) a n d  t h e  
e s t e r  (CLXXXVI) m  a  m o b i l e  y e l lo w  o i l  158*13 g * )*  The 
p r o d u c t ,  w h ich  e x h i b i t e d  a  weak ban d  i n  t h e  i n f r a - r e d  
a t  3530 e - p i  (h y d ro x y  1 } an d  no a b s o r p t i o n  a t  1677 c m r l  
( e n e n e ) ,  show ed o n ly  low  i n t e n s i t y  (8 12 5 )  a t  f P I j i  i n  
Wm  u l t r a - v i o l e t *  The p r o d u c t  w as s t i r r e d  w i t h  6u 
h y d r o c h l o r i c  a c i d  ( I 6 o  m l#) u n d e r  g e n t l e  r e f l u x  f o r  5  h r s *
Th© c o o le d  © e l u t i o n  was s a t u r a t e d  e 1 t h  ammonium 
S u l p h a t e  and  e x t r a c t e d  w i t h  e tu e T  (2  x 530  m l* )*  The 
com bined  e t h e r e a l  e x t r a c t s  w ere  w ash ed  w i t h  c o l d  d i l u t e  
so d iu m  h y d r o x i d e  s o l u t i o n ,  w a t e r  and  d r i e d  o v e r  . 
m agnesium  s u l p h a t e *  E v a p o r a t i o n  o f  a d v e n t  a f f o r d e d  
& y e l lo w  m o b i l e  o i l  (13  g * ) ,  t h e  I n f r a - r e d  s p e c t ru m  
o f  w h ich  was a lm o s t  i d e n t i c a l  w i th  t h a t  o f  t h e  s t a r t i n g  
r e t r r l a l #  The a l k a l i n e  e x t r a c t s  w ere  a c i d i f i e d  w i t h  
6.a h y d r o c h l o r i c  a c i d ,  s a t u r a t e d  w i t h  amrnonlttm s u l p h a t e  
r - r l  e x t r a c t e d  w i t h  e t h e r  {7 x 313 m l* ) « The com bined 
e t h e r e a .  e x t r a c t s  w e re  washed w i t h  s a t u r a t e d  ammonium 
s u l p h a t e  s o l u t i o n . e n d  d r i e d  o v e r  m agnesium  s u l p h a t e *  
v a p o r ? t t o n  f  s o l v e n t  g a v e  a t h i c k  o i l  ( 23*7  g # ) f which  
on t r i t u r a t i o n  w i t h  e t h e r - l i v e t  p e t r o le u m  g a v e  c  l o u r  l e e s  
n e e d l e s  (3*4 g * ) s**p# 110-147°#  w hich  s u b l im e d  a s  
h e x a g o n a l  p l a t e s  ®#p# 1 6 3 -1 7 3 °*  'The i n f r a - r e d  sp e c t ru m  
e x h i b i t e d  a! s o r p t i o n  b a n d s  a t  35,-0 t o  230,3 c s j f l ,  1695  m ? l  
( c a r b o x y l ) ,  a n d  1710  cm yl ( e y e lo h e x a n o n e ) *  The o i l y  
b e t o ^ a c i d  (C 'L IlT | E»T) 1 £ 0*3  @# ) couxd  n o t  b e  c r y s t a l l i s e d  
but. w i th  d i s s o m e th a n e  a f f o r d e d  a m o b i l e  e s t e r  ((4*11 l if tsM e)  
w h ich  e x h i b i t e d  a n  i n f r a - r e d  s  e c t ru m  v e ry  s i m i l a r  t o  
t h a t  o f  a u t h e n t i c  k e t o - e s t e r  {0 .113*  R ake) b u t  a l s o  
e x h i b i t e d  a  b an d  a t  1765 c m f l  ( 8 - l a c t o n e 3* R e p e a t
a d d l e  h y d r o l y s i s  o f  t h e  r e c o v e r e d  n e u t r a l  o i l  ( l a  g * )  
e f f o r d e d  a c i d i c  m a t e r i a l  (10*6 g * ) ,  w h ich  r a p i d l y  
c r y s t a l l i s e d  from l i g h t  p e t r o l e u m  # s  n e e d l e s  * * p # 1 0 0 -1 2 4 °*
The i n f ra - r© d  som etram  o f  t h e  p r o d u c t  i n d i c a t e d  i t  
t a  fee e  f i x t u r e  o f ,  s t  t o e  a c i d s  (GOVf Ball) a n d
(LXXIV)* '
(fe) 4 s o l u t i o n  i n  50^ f e e n s # 8 e * l lg h t  p e t r o l e u m  - f  t o e  
p r o d u c t  (6 9* 5  g « )  fro®  t o o  sodium  d i c h r o m e t e  o x i d a t i o n  
o f  t h e  o l e f i n i e - e a t e r  (guv* i*o©) (86*7  &•) (bob p* I 
wa« c i ro m a  t e g  v ap h ed  on s i l i c a  (1 kg*)*  i l o t i o n  w i t h  
50/  b e n s e n e - l l g h t  p e t r o l e u m  (3  x 500  m l#) a n d  w i to  
b e n z e n e  (4 x 500 m l*) a f f o r d e d  a n  o i l  (33*9  g*» 3 9 / ) *  
t h e  i n f r a - r e d  s p e c  t ra m  o f  w h ic h  I n d i c a t e d  i t  t o  fee 
m a in ly  t  e  o l e f i n l c - e ® t e r  c o n t a i n i n g  o n ly  t r a c e s  o f  
k a t o n i c  m ate r ' ' 'a  1* f u r t h e r  e l u t i o n  w i t h  3 0 $  e t o e r -
b e n z e n e  (5  x  500 m l . )  g a v e  a  c o l o u r l e s s  o i l  (26*3  g * , 2 8 / ) # 
t h e  i n f r a - r e d  a p ro  tram  o f  w h ich  e x h i b i t e d  s t r o n g  band® 
a t  1735  emyl (ca rfeom ethox y1) and  1678 « ® f l  C c o n ju g a te d  
k e t - n e )  w i t h  a weak b a n d  a t  1765  c m f l  ( Y - l a c t o n e ) # 
and  an  u l t r a - v i o l e t  maximum a t  23i*J§ <2$*$0§)e
A s o l u t i o n  o f  t h e  im p u re  e n o n e - e e t e r  (cL V Ii R*.- ©)
(1 * 1 5  g * ) i n  b e n z e n e  was ro c a r o m a to g r a p h e d  on s i l i c a  (3Sfe* A 
x te n d e d  e l u t i o n  w i t h  0 * 3 ^  e t o e r - b e n s e n e  a f f o r d e d  f a i r l y  
p u r e  © n o n * - e s t e r  (0* 68  g * )  a s  e v id e n c e d  fey t h e  u l t r a ­
v i o l e t  maximum i n t e n s i t y  o f  6 ,9 0 0  a t  23o*5m/a, and  t h e  
e c u ® U f  i n t e n s e  b a n d s  a t  1735 a n d  1678 cm*3* i n  t o e  
i n f r a - r e d  s p e c t ru m *  t h e  p r o d u c t  was e l u t e d  a s  two 
b a n d s  on t h e  v a p o u r - o b e s e  ch ro m a to g ram  a t  13^°# t o e  f i r s t  
b a n d  l u t e d  a f t e r  1?  mine* feeing a b o u t  h a l f  a s  I n t e n s e
bb t h e  band  © lu te d  a f t e r  19 mills* The © n o n e - e e t e r  
d i s t i l l e d  a s  a c o l o u r l e s s  o i l  b#p# 9 4 ° /  #~ mm#, , t t | a  X#496o* 
(bounds C ,6 8 * 7 l  H, 7*6* c i a H1 6 °3  r ° ° u i l *es G* 6 9 # 3 i  
/?* '•: }# A s o l u t i o n  o f  t h e  © n o n e - e s te r  (0*68  g « )
I n  m e th a n o l ,  on  t r e a t ® ? n t  w i th  B ra d y * s  r e a g e n t  a t  
room tern e r e t u r e ,  r e a d i l y  a f f o r d e d  an  o r a n g e  s o l i d  
(2* 15  g * ) m*p# 7 5 - 120° ,  w hich  c r y s t a l l i s e d  from  
m e th a n o l  a s  o r a n g e  n e e d l e  c l u s t e r s  (3$6 mg*) n # p * 1 5 8 - l6 7 ° *  
A s o l u t i o n  of  t h i n  p r o d u c t  i n  b e n z e n e  was f i l t e r e d  
th r o u g h  b e n t o s ! t e - k l e & e l g u h r ,  t h e  f i l t r a t e  e v a p o r a t e d  
t o  d ry  n e s s  and  t h e  re a l ,  du© r e e r y s t a l l t s o d  f r a n  m e th a n o l  
a f f o r d i n g  one  2 » 4 - d in i t r o p h © n y lh y d r a z o n e  o f  t h e  ©none- 
e s t e r  (ELVti <*.-©) a s  © range  n e e d l e  c l u s t e r s  (207  mg#)
B .p*  1 6 3 - 1 7 ° ,  (Founds c # 55*5? H, 4*951 R» 14*55* 
r e q u i r e s  C, 55*651 H, 5 *2 j / ,  14*45#)*
The p r o d u c t  e x h i b i t e d  two maxima, i n  c h lo r o f o r m ,  I n  
t h  9 l « t |  a t  380Hpj (£ 2 4 , 4 0 0 ) a n d  a t  260191
(£ 9 , 3 0 0 )* >© m e t h a n o l l e  m o t h e r - l l q u o r s  w e re  p o u re d
i n t o  w a t e r  am i e x t r a c t e d  w i t h  e t h y l a a e t a t e *  The 
e t h y l  a c e t a t e  e x t r a c t  was w ashed  w i t h  w a t e r  a n d  d r i e d  
o v e r  nagneelu®  s u l p h a t e *  E v a p o r a t i o n  o f  s o l v e n t  
a f f o r d e d  a r e d  o i l  (80  • m g#), w h ich  was oh rom a to g  ra ph ed  
on  slum in®  (G ra d e  I )  (18  &•/)• E l u t i o n  w i t h  b e n z e n e  
g a v e  a  y e l l o w  g o l* d  ae#p# 110*135°*  R e p e a te d  
c r y s t a l l i s a t i o n  from m e th a n o l  a f f o r d e d  a n  t i O n e r l *
2 1 4 - d i n i t r o p h e r i y I h y d r a s o n e  a© o r a n g e - y e l l o w  n e e d l e
2 o£
c l u s t e r s  m*p« 1 4 4 -1 4 6 °*  (fo und*  0 ,  5 5 * 7 i ii# 5*45s 
$* 14*4 5  )* The p r 'A u e t  e x h i b i t e d  two m axim a, i n  
c h l o r o f o r m ,  I n . t h e  u l t r a - v i o l e t ,  a t  375®/* 
e n d  a t  360ngp (£ 9 *3 4 0 )* B o th  £*4-41n* t r o p h e n j r l -  
b y d r a s o n e e  e x h i b i t e d  s t r o n r  b a n d s  a t  1735 am yl 
( c a r b o n e t h o x y 1 )  I n  t h e  i n f r a - r a d *  t h e  2 t 4 « d l n i t r o -  
p h s n y l a y d m s o n e s  c o a i d  n o t  b e  in te r c o m ?  e r t e d  by 
s e e d i n g  & w ar^  m e th a n o l ! e  s o l u t i o n  o f  one  w l t a  t h e  o th e r *
M jJtl U  .QiMa i l fla J &  J :ttja iQ O x rt* -* « t« r  t -x v i  R».->)
silR -t^ sity l  ,-erbrr-y^te
t - u  ' t y l  o®rbs®BO«t* ( u . ? 7  g . )  was a a d « d  d r o - w i s e  
~>ver 1 h r*  u n d e r  n i t r o g e n  t o  a  v i g o r o u s l y  s t i r r e d  
m i x t u r e  o f  t h e  o l a f l n l e - e s t e r  (1*94  g . ) and  c u p ro u s  
b ro m id e  (0*1 g # ) h e l d  a t  19$°# f h e  r e a c t i o n  f i x t u r e  
was t h e n  h e a t e d  a t  1 10°  f o r  a f u r t h e r  1*5 h r*  E t h e r  
(59  ml#} wae ad d ed  t o  t h e  c - o l c d  m i x t u r e  a n d  t h e  
s o l u t i o n  f i l t e r e d  from  c o p p e r  r e s i d u e s *  Tne f i l t r a t e  
was w ashed  w i t h  d i l u t e  sodium  c a r b o n a t e  s o l u t i o n ,  w a t e r  
an d  d r i e d  o v e r  m a g n e s ia #  s u l p h a t e *  E v a p o r a t io n  o f  
s o l v e n t  a f f o r d e d  t h e  Im p u re  b s i t s e e t e ~ e s t e r  (3UOQUX# 
•■*00*Ph) m  a  v i s c o u s  o i l  w h ich  was c h ro m e to g m p , .e d  on 
a lu m in a  (a  r a d *  I I I )  (50  g * )*  K i u t i o n  w i t h  m  
b e n z e n e - l i g h t  p e t r o l e u m  (6  x ?0  m l# )  g a v e  t h e  o l e f l n t o -  
e n t e r  (1*48  8*» 76/*)* f u r t h e r  e l u t i o n  w i t h  c h l o r o f o m  
(4 x 79 m l* ) f u r n i s h e d  t h e  b e n zo & te —e a t e r  a s  a  v i s c o u s  
o i l  ( 9*58 g* § IS M *
2
t ”* ,cncr»p-<»Htep ; ? l , r i  3 s 'a l
A s o l u t i o n  o f  t h «  b e n m s a t e - e s t e r  ( *53 g # )  I n  
Try m e th a n o l  (8  ®1* ) was r e f l u x e d  w i t h  sodium  (Of 015  g * )  
f o r  £ fir?3* The c o o l  eel s o l u t i o n  was s a t u r a t e d  w i t h  
c a r b o n  d i o x i d e ,  d i l u t e d  w i t h  o t h e r  ($0  m l* ) ,  s a s h e d  
w i t h  d i l u t e  b r i n e  s o l u t i o n  an d  d r i e d  o v e r  m agnesium  
s u l p h a t e *  The i n f r a - r e d .  s p e c t ru m  o f  t h e  p r o d u c t  
a f t e r  r e m o v a l  o f  t h e  s o l v e n t  e x f t i h l t e d  a  s t r o n g  b an d  
a t  34 t o  omjrl ( h y d r o x y l ) 9 1735 om rl (earbo®  e th o x y  1 } w i t h  
b a n d s  a t  3000  and  1600  era** ( a r o m a t i c ) *  a b l u t i o n  o f  
t h e  p r o d u c t  i n  l i g h t  p e t r o l e u m  was e h r e m t o g r a p h e d  on 
a lu m in a  ( T ra d e  ITT)* - l u t l o n  w i t h  1 0 /  b e n s e n c - l l g h t  
- e tr^X eum  (5  x 70  m l# ) g a v e  m e th y l  b e n s ro e te  a s  a  s w e e t ­
e r  w i l i n g  o i l  ( 0*05 g* )* F u r t h e r  e l u t i o n  w i t h  
c h lo r o f o r m  (4 x 70  m l* ) a f f o r d e d  t h e  h y d r o x y - e a t e r  
(CLXXXXXi p*h) m  a  t h i c k  y e l lo w  o i l  <0 *$ g*>* a  
s o l u t i o n  o f  t h e  h y & r o x y - e e t e r  ( 0 * 1  g*} i n  l i g h t  
p e t r o le u m  (p .  m l*) m s  s h a k e n  f o r  6 h r s *  a t  room 
t e m p e r a t u r e  w i t h  a s t i r /  t e d  m an g an ese  d i o x i d e  (3  g * }« 
F i l t r a t i o n  and  e v a p o r a t i o n  o f  t h e  r e l v e n t  a f f o r d e d  t h e  
e n e i i e - e e i e r  (CLVTi Uir£•)»  t h e  i n f m - r e d  s p e c  rum o f  
w h ich  was i d e n t i c a l  w i t h  t h a t  o f  t h e  e n o n o - e s t e r  
p r e p a r e d  b y  d i r e c t  a i l y l i c  o x i d a t i o n  o f  t h e  c le f ln io « *  
e s t e r  (CLV* R a tfe ) ,  th o u g h  t h e  p r o d u c t  e x h i b i t e d  a  h i g h e r  
u l t r a - v i o l e t  maximum i n t e n s i t y  o f  7 ,3 7 5  t h a n  o b t a i n e d  
p r e v i o u s l y *
2io.
h e n  & s o l u t i o n  o f  t h e  e n o n e - e c t e r  (1*164  g * )
( p w t » - »  by  t h e  sod ium  d t s a r o m a t e  m ethod  a n d  p u r l f l  d 
by  c h ro m a to g ra p h y  on a l l i e s )  I n  e t h y l  a c e t a t e  was 
r o d e o e d  o v e r  10, p a l l a d  t u s - e h a r e e s l  a t  room t e m p e r a t u r e ,  
h y d ro g e n  (1 1 3  * ! • #  63/ ) we a a b s o rb e d *  The f i l t e r e d  
s o l u t i o n  on e v a p o r a t i o n  a f f o r d e d  t h e  Im pure  k e t o - e s t e r  
(CLTXIi Tim -e ) a s  a  m o b i le  o i l *  w h ic h  e x h i b i t e d  b a n d s  a t  
1 735  d 1 (e a r fc o m e th o x y l)  and  1?12  cm *l ( c y c lo h e x s n o n e )
I n  t h e  In  f r a  - r e d ,  and  ^ f i ie h  was e l u t e d  a a one  b e n d  on 
t h e  v a o o u r - o h a a e  c h ro m a ta g n sn #  R e p e a ts  f r a c t i o n a t i o n  
a f f o r d e d  t h e  ^ e t c - e s t e r  a s  a  c o l o u r l e s s  o i l  b*p* 8 4 ° / 0 * 1 m * i  
n~3 1 ,4 8 5 9 .  (K eurrti 0 ,  6 8 .3 5 »  K, 8 . 5 .  Ci a H1 8 0 j  
r e n u i r m  C, 6 8 * 5 5 i  M, 8* 6 5 a )*  The im p u re  k e t o * e s t e r  
(557  mg*) r e a d i l y  r e a c t e d  with d r a d y f a  r e a g e n t  a t  roots 
t e m p e r a t u r e  a f f o r d i n g  a  y e l l o w  2 8 4 ~ d l n i t r o p h e n y l -  
h y d r a a o n e  sup*  120- 1 4 8 ° ,  w h ich  was f u r t h e r  p u r i f i e d  by 
f i l t r a t i o n  o f  i t s  s o l u t i o n  i n  bm%®m  t h r o u g h  b e n t o n i t e *  
‘U e s e lg u h r *  t h e  f i l t r a t e  e v a p o i n t e d  to  d r y n e s s  
and t h e  r e s i d u e  e r r a t a ! H e e d  from  m e th a n o l  ©0 y e l lo w  
n e e d l e  c l u s t e r s  m*p* 122*1 25°  (ro und *  C, 55*651 H# 5*5 i
K, 14*25* d5k3»220 6 il4  0 ,  55*41 H, 5*7 l
Up 1 4 * 3 5  )* The p r o d u c t  e x h i b i t e d  a  maximum i n  
c h lo r o f o r m ,  i n  t h e  u l t r a - v i o l e t ,  a t  .36391 (£ 2 1 , 3 0 0 ) an d  
e x h i b i t e d  a  s t r o n g  b a n d  a t  1735  «mtx ( e a rb o m e th o x y l )  
i n  t h e  i n f r a - r e d *
211.
k s o l u t i o n  o f  thm Im pure  k e t o - e e t e r  (158  ®g#) i n  
d r y  m e th a n o l  (10  m l# } was r e f l u x e d  f o r  1 h r*  w i th  e x c e l s  
B ra d y ’ s r e a g e n t *  The c o o le d  f i x t u r e  was d i s s o l v e d  I n  
c h lo r o f o r m ,  washed, w ' t h  w a t e r  an d  d r i e d  o v e r  magnesium 
e u l p h a t f *  E v a p o r a t i o n  o f  s o l v e n t  a f f o r d e d  a t h i c k  o i l ,  
w hich  w> s d 1 s r o l v e d  In  b e n z e n e  and  c h ro m a to g ra p h e d  on 
b e r t o n i t r - k t © e e l g u h r »  The b e n z e n e  © lu e te ,  on 
t r i t u r a t i o n  w i th  e t h e r ,  a f f o r d e d  t h e  2 * 4 -d  1 n I t  ro ph cn y  I  -  
p y r a z o l o n e  a s  a p a l #  y e l lo w  s o l i d  (144 mg*) w h ich  
c r y s t a l l i s e d  from  e t h a n o l  a s  p a l e  y e l lo w  n e e d l e s  
su p *  1 7 9 -1 8 1 °  <75 m g#). (ro und *  C, 3T*05f » •  4 * 7 5 i
I , 15*55* H f * n nA°5  C. 57*C| H, 5#0 5 l
15 •65/-')*
P y r a z o l o n e  o f  t o e  f e * * o -» g te r  1 0 ,1 1 1 1  R sveJ
E s o l u t i o n  o f  t h e  Im pure  f c e t o - e e t e r  (120 mg#} I n  
d ry  met a n o l  (10 m l*) was r e f l u x e d  f o r  24 h ra *  w i th  
h y d r a z i n e  h y d r a t e  (0*5  m l*)# A f t e r  e v a p o r a t i o n  t o  
d r y n e s s  t h e  r e s i d u e  m s  d i e  a o lv e d  i n  c h lo  r o  f o r  ' a  nd tft e  
c h lo r o f o r m  s o l u t i o n  w ashed  w i th  w a t e r  e n d  d r i e d  o v e r  
m agnesium  s u l p h a t e *  E v a p o r a t i o n  of s o l v e n t  a f f o r d e d  a  
t h i c k  o i l  w h ich  was c h ro m a to g ra p n e d  on a lu m in a  (G ra d e  XJ 
(3 6 * )*  E l u t i o n  w i t h  b e n z e n e  (3  x 5Q m l#) a f f o r d e d  no 
u s e f u l  - e r i a l ,  b u t  f u r t h e r  e l u t i o n  w i t h  c h lo r o f o r m  
(5  x 50 m l*) g a v e  a  t h i c k  y e l lo w  o i l  (55  mg*) w h ich  
s o l i d i f i e d  on t r i t u r a t i o n  w i th  l i g h t  p e t r o l e u m  ( b * p * 6 o 8 0 ° )
212 .
H ecry  s t a l l  1.m t .1 on from  l l m t  (b*p* 6^-80'®)
g&va the  pyraaolone a# p a l  a yellow needles *#$# 113*114°
(Found* 0 ,  6 ;> .35 i H* 6 * i $ i  m, 14*35* a n g i 6 c)&a  
r e o i l r e a  C* 6 3 « ? i  B» 8*4f %  1 4 *55 ^ )#
At t e s t e d .
w- t i l  c y g n o a o e t l c  so  Ik
■; s o l u t i o n  o f  I f t t  k e t o ~ e a t e r  (1*18 g * )  I n  barmen©
(50  « 1 « )  c o n t a i n i n g  c y a n o a e e t i e  s o l d  (0*93  6 * ) •
Ammonium a c e t a t e  ( o * l  g « )  and  g l a c i a l  a c e t i c  a c i d  (0*5  ffil*) 
wa« r e  f l u x e d  f o r  S nr®# u n d e r  a  Oean and b t a r t  a p p a r a t u s *  
Th# c o o le d  s o l u t t e a  ©a® m a n e d  w i t h  w a t e r  C4 x 35  a l * )  
an a  a r t  ad o v e r  m a g n e s ia *  a s l p t i a t # *  Eva o r a t i o n  o f  
s o l v e n t  a f f o r d e d  a m o b i l e  o i l  (1*1  g * ) ,  t o e  i n f m - r e d  
a p eo  t ru s t  o f  w h ich  was i d e n t i c a l  wltJa t h s t  o f  th e  
s t a r t ! ^ g  m a t e r i a l #
a q o a a i i i t i a i i a
a s o l u t i o n  i f  t h e  '<#to*»aatar ( i # l  g#> I n  b e n z e n e  
(35 1*) o o n t a i n l n g  a a l o n o n i t r i l ©  (0*4 $•)»  a m ro n iu a
a c e t a t e  (0*1  g # ) and  g l a c i a l  a c e t i c  s o l d  (0*5 ml#} mm  
r e f l u x a d  f o r  3* 5  b ra *  u n d e r  a  Daan and  O t a r t  a.pp<r a t u e #
The c o o le d  s o l u t i o n  wan w a s te d  w i t h  w a t e r  a n d  d r i e d  
o v e r  m agnesium  s u l p t e t e *  f v a o o r a t l o n  o f  s o l v e n t  g a v e  
a  t h i c k  v ^ l lo w  a l l  (1*3  g » )  w h ich  on d i s t i l l a t i o n  
a f f o r d e d  t o e  d i n l t r H e t e s t e r  ( q m h ) a® a  e o l o u r i a a a  
o i l  te*p* 1 2 G °/b » 0 3  M i®  n - -  1*5800  w h ich  g r a d u a l l y  t u r n e d  
yellow m itt  lo m  of hydrogen cyanide* f t e  product
2 6 .
e x h i b i t e d  i n f r e a r e d  . e b e p o t i o n  a t  2SK)Q e:s#l ( c o n j u g a t e d  
n l t r  I n )  a n d  1735  em?X {e&rb©methoxy1 )  w i t h  o n ly  a  we&fc 
b an d  a t  17X2 e®*1 U jraX ottexanone) w i t h  a n  u l t r s - v i o l e t  
tw x  1 mun n t  2 4 7^U (S6 ,  6c) 0 ) *
te d  conftgnae  tloiL.gg-j£ifi-££.XO!r.flfltM .J f f lU U .il . , l ^ £ l  
■gjJL .,g3&rA
A  s o l u t i o n  o f  t h e  « ^ t a ~ e s t e r  ( 1 * 7  g « »  o # u o §  m o l e )  
a n d  e t h y l  ^ C - b r o m o l s o b u t y r a t e  U 6  g * f Q*Od m o l # )  i n  
b e n z e n e  ($0 e l * } w*>a a c ld e d  t o  f r e s h l y  m o t i v a t e d  z i n c
*
w ool (15 g * )  and  t n e  l i t u r t  r e f l u x e d  w i th  s t i r r i n g  
f o r  5 mine* u n t i l  v i g o r o u s  e x o th e r m ic  r e a c t i o n  commenced 
w i t h  c o n c o m i t a n t  p r e c i p i t a t i o n  o f  a  v i s c o u s  g r e e n  o i l #  
i'v~ r i g o r o u s l y  s t i r r e d  m ix t u r e  was g e n t l y  r e f l u x e d  f o r  
lO hr?t* e  c o o le d  m i x t u r e  was t h e n  a c i d i f i e d  w i t n  
a c e t i c  a c id *  p o u red  i n t o  w a te r  (200  Til* i a n d  e x t r a c t e d  
w i t h  e t h e r  (2  x p i  m l.  ;* t h e  com bined  e t a  e r a s  I  
e x t r a c t s  w o re  w ashed w i t h  d i l u t e  sod ium  b i c a r b o n a t e  
e o l a t i o n ,  w a t ^ r  and d r i e d  o v e r  m agnesium  s u l p h a t e *
’r e l o n g e d  h e a t i n g  u n d e r  r e d u c e d  p r e s s u r e  (2 0  mm*) on  t h e  
• t e a r  b a t h  a f f  o rded  an  o i l  (12*4 g * )»  w h ic h  on d i s t i l l a t i o n  
g a v e  a  m o b i le  o i l  b*p* 4 O 8 0 ° /Q t» l  mm* (0*4$  g*>* from 
w hich  a c r y s t a l l i n e  s o l i d  (0 * 9  g » )  ae  - e m te d *  
C r y s t a l l i s a t i o n  from l i g h t  p e t r o le u m  g a v e  c o l o u r l e s s  
n e e d le s  m*p* §0-610* ( fo u n d 8 C, 66*3* ri, 8*45*
c4 j% °  q u i r e s  0* 6 6 * $ $ !  H, b .S &  h  t m  p r o d u c t  
e x h i b i t e d  a  s t r o n g  band  a t  170Q omyl and  a  wee it band
2l 4 .
a t  1749 cm* 1 In  t n e  I n f r a - r e d *  f t s r t b e r  d i s t i l l a t i o n  
a f f o r d e d  a h t g b * b o l i i n g  f m o t i o n  P . p .  dO*198°/E>«l mm. 
( 1 .9 ?  g * ) f t h e  i n f r a - r e d  ap es lru n s  o f  w h ich  w as s i m i l a r  
t o  t h ^ t  o f  t h e  s t a r t ! m  m a t e r i a  1 w i t h  a p p a r e n t  i n c r e a a e  
o f  t h e  e s t e r  b*nd  a t  1735  e®*** S a p o n i f i e s t i e n  o f  t h e  
p r o d u c t  ( 1 .9 2  g . )  w i t h  4M sodium  h y d r o x i d e  i n  m&ih&nol 
f u r o l e n a d  a  n o n - c r y ^ t s l i l s e b l e  o i l y  a c i d  C l .2 9  g * )«  
.ni?O nlf?Q ".tlPP. -It %:>*..
:'. v o l i t i o n  o f  t h e  im p u re  > ? e to » e s te r  ( 1 . 5  g») In 
m e th a n o l  {10 m l . )  was r e f l u x e d  f o r  2 h re *  on  a. a tra -*  
b a t h  w i th  n s o l u t i o n  o f  p o t a s s i u m  h y d r o x id e  {1 g . )
I n  w a t e r  (3  m l* ) .  & f t # r  e v & p o re t io n  o f  s o l v e n t ,  t h e  
c o o le d  r e s i d u e  was d i l u t e d  w i t h  w a t e r  arid e x t r a c t e d  
w i t h  e th e r *  Toe a q u e o u s  e x t r a c t s  w ere  s o l d - f l e d  milh  
d ' l u t e  s o l p h u r l e  a c id *  s a t u r a t e d  w i t h  a s e o n l w  s u l p h a t e  
and  e x t r a c t e d  w i th  e t h e r  {2 x  30 m l . ) *  t h e  com bined 
e t h e r e a l  e x t r a c t s  w ere  w ashed w i t h  s a t u r a t e d  ammonium • 
s u l p h a t e  s o l u t i o n  and  d r i e d  o v e r  m agnesium  s u l p h a t e *  
E v a p o r a t i o n  o f  s o l v e n t  g a v e  m t i t l e  • o i l  ( 1*2 g # ) w h ic h  on 
t r i t u r a t i o n  w i t h  e t h e r * l i g h t  p e t r o l e u m  f u r n i s h e d  
c r y s t a l l i n e  m a t e r i a l  m.p* 8 5 - 1 3 3 °  (0*84  &#}, w hich  
c r y s t a l l i s e d  w i th  d i f f i c u l t y  from e t h y l  s o e t a t e - l i g h t  
p e t r o l e u m  a s  m p ow der aup* 70~10u°# The I n f r a - r e d  
s p e c t r u m  o f  t h e  c o r r e s p o n d i n g  e a t e r  (C& U I* 
p r e p a r e d  by  e s t e r ’ f l c a t i o n  w i t h  d ia s o m e th s n e *  was 
Sim •- l e r  t o  t h a t  o f  t h e  s t a r t i n g  m a t e r i a l ,  a n d  t h e
p r o d u c t  ( 0 .2 3  s * ) r e a d i l y  a f f o r d e d  t h e  c h a r a c t e r i s t i c  
y e l l o w  2 1 4 *4 101 t r o  m benylbydfmsono (C#12 g * ) «
The Im p ure  o i l y  * e t 0 - a c t 4  {123 mg*) r e a d i l y  
a f f o r d e d  n e y o lo h e x y ia m ia e  © a l t  (133 &&*) w h ich  
c r y s t a l l i s e d  from b o n a m e - l i g h t  p e t r o l e u m  (b*p*60 - d 0 ° )  
a s  c o l o u r l e s s  n e e d l e s  %* p *  1 3 3 -1 4 9 ^  w i th  c o n t in u o u s  
d e c o m p o s i t io n *  ( l»bund* U$ 4*95* C xyugj^jaf  r e q u i r e s  
A*75 )♦ i t  a l s o  g a v e  a i - b e n a y X lo o t& la u r Q n tu a  s a l t  
w h ic h  or;? s t a l l  l e a d  from c h i  o r  o form - b e  nzen© a s  o d o u r l e s s  
■sms m.p* 153*155°  {d e c o m p o s i t i o n  from 1 4 3 ° )#
( ‘•"ourvrlt C* 6 2 # 5 l  H# 7 * 2 1 h .  7*85* 
r e q u i r e s  C, 6 2 * 9 5 1 0* 7 .2 5 *  *.# 1*75, )*
- s o l u t i o n  o f  t h e  o i l y  £ e t o ~ a a l d  (966 mg*) I n  
b e n s a n e  was c h r o m a to g r a p h e d  on s i l i c a  (38 g # ) *  E l u t i o n  
w i t h  %j  e t h e r - b e n s e n e  (16  x  50 m l* )  a f f o r d e d  t h e  k e t o -  
£ c 1d a s  a t h i c k  o i l  {§30 mg*}, t h e  l a t t e r  f r a c t i o n s  
becom ing  p r o g r e s s i v e l y  more c r y s t a l l i n e .  203 mg# b e in g  
o b t a i n e d  c r y s t a l l i n e .  a*p# 1 4 6 - 1 5 0 °  w i t h  w eep in g  from 130®* 
f u r t h e r  e l u t i o n  w i t h  e t h e r  (5  x 5°  ml*) g a v e  a  n o n -  
c r y s t a l l i s e b l e  o i l  {120 mg*}*
. 4  t.Mi... j ^ j » g a K l £ s j a L H f t t t W L t f . . i v , t o - q q
jodium b o r o h y d r l d e  (5  g . )  was a d d ed  t o  a  s o l u t i o n  
o f  t h e  k a t o - a a t e r  (1*51 g * ) i n  m e t h a n o l  (35  ml* ) 
c o n t a i n i n g  w a t e r  (5  ml*}# and t h e  s o l u t i o n  a l lowed,  t o  
s t a n d  a t  room t e m p e r a t u r e  o v e r n i g h t *  A f t e r  e v a p o r a t i o n  
o f  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  w i t h o u t  h e a t i n g *  turn
Z\(o.
r e s i d u e  wa@ a e t d t f l e d  w ith  d i l u t e  h y d r o c h l o r i c  a c i d  
a n d  e x t r a c t e d  w i th  e t h e r  (2 % 20  m l* )#  t h e  com bined 
e t h e r e a l  e x t r a c t s  w ere  washed w i t h  wnt a r  and  d r i e d  o v e r  
m agnesium  s u l p h a t e #  ‘E v a p o r a t io n  o f  s o l v e n t  a f f o r d e d  
'a  t h i c k  o i l  (1«X85 g # ) w h ich  was e h ro m a to g ra p h e d  on 
a 11l e a  (35  » ) •  s l u t t o n  w i th  b e n s a n #  (5  x  53 ml* I
and 5, e i h e r - b e n s e n e  <f x 50  m l# ) g a v e  a n  o i l  (Q#175 S * )»  
t h e  i n f r a - r e d  s p e c t r u m  o f  w h ich  e x h i b i t e d  weak h y d r o x y l  
b a n d s ,  w i th  maxima, a t  1770 ©m*t ( t t - l a e t o n e ) *  1735  em *t 
( c a r b o m e th o x y l )  and  1?13  cp*1 ( cy e  lo h e x a n o n e ) # f a r t h e r  
e l u t i o n  w i t h  5/ -  e t h e r ^ b e n s a n e  (13  x 30 1 # )  a f f o r d e d
t h e  hy i r o x y - e s t e r  (CXCVXIXi f\« e )  ©a a s w e e t - s m e l l i n g  
o i l  (0*695  g * }, w h ich  e x h i b i t e d  h a n d s  a t  3450  cm fl 
( h y d r o x y l )  and  a t  1735  cm#* ( e a rb o w e th o jq r l )  In  t h e  
I n f r a - r e d #  e l u t i o n  w i th  e t h e r  a f f o r d e d  t h e  d i o l  
(C <CXx) a s  a c r y s t a l l i n e  s o l i d  (0#46 g * ) w h ic h  
c r y s t a l l i s e d  from e t h y l  a c e t a t e - l i g h t  p e t r o l e u m  a *  f l a t  
r o d s  m#p# 9 8 -9 9 # 5 °  C roundt 0 , 71*7* H, 10*65#
CllHgo-'jjj r # Q i i l r e «  c* 71*7 l  h ,  1 0 t9 S -  ) •
2=..i a g s g = S ^ f t £ f i y l M W L f l t e ^  . r< g w » n r i» o f t^ * 3 P n o  s o l f t
j  v :lQjf.j
4 s l u l l o n  o f  t h e  h y d r o x y - e a t e r  (C X C V Illl Be e )
(0 * 4 5  @*) I n  m e th a n o l  (10  m l#) w&& r e f l u x e d  on a s te a m  
b a t h  f o r  2 h r  a* w i th  a s o l u t i o n  o f  p o t a s s iu m  h y d r o x i d e  
(0 * 3  & •)  In  w a t e r  (3 * 1* )* t h e  c o o le d  s o l u t i o n  was 
d i l u t e d  w i t h  w a t e r  a r r  e x t r a c t e d  w i th  e t h e r *  t h e  
a l k a l i n e  s o l u t i o n  was a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  s o l d ,
m o t e s
s a t u r a t e d  w i t h  m m o n t m  s u l p h a t e  and  e x t r a c t e d  w 1 th  
e t h e r *  f h e  e c a b in e d  © t h e r e a l  e x t r a c t s  w ere  washed 
w i t h  a  b r i n e  s o l u t i o n  and d r i e d  o v e r  m agnesium  s u l p h a t e *  
t v a p o r s t I o n  o f  s o l v e n t  g a v e  a  t h i c k  o i l  (0*40  g * ) w h ic h  
o r  t r l t w r * - t i e r  w i th  e t h e r - l i g h t  p e t r o l e u m  f u r n i s h e d  a  
s o l i d  m#p. 1 2 7 -1 4 9 ° .  B. ©pee. t e d  c r y s t a l l i s a t i o n  frore 
e t h y l  a o a t  a t  e - l i g h t  p e t r o l e u m  a f f o r d  4  o n e  e p l m e r i e  
h y d r o x y - a a i d  (cxC V T IIj Karl) ©« c l o u r  l o s e  p r i s m a  
in.o* 163 *5"*184*f>®# { f t u t i d i  0* 66*6$ h .  §«9S* ^11^18 ^3
requ ires  0* 66.65* ft# 9*13. )• 
ff iv& rogsn^ tlon  o f  t h e  k a t o - e s t e r  COLTXI* Kn -.e)
•. s o l u t i o n  o f  t h e  k e t o - e ^ t e r  (13*43 g * ) I n  e t h y l  
a c e t a t e  was h y d r o g e n a te d  a t  d 0  o v e r  o l a  t i n e a  o x id e  
(0 * 7 °  ? • ) *  h y d ro g e n  (15 30  m l . )  b e in g  a b s o r b e d  o v e r  4 hye# 
^The f i l t e r e d  n o t a t i o n  was e v a p o r a t e d  and  t h e  r e s i d u e  
d i s s o l v e d  i n  b e n s e n e  end  c h ro m a to g ra p h e d  on a l l  l e a  (230  g # ) 
l u t i o r  w i t h  2k e t h r r - b e n ^ e n e  (4  x 500 m l . )  g a v e  a n  
o i l  ( % 3 a f  * ) t h e  I n f  r n - r e d  s p e c t r u m  o f  w h ic h  showed week 
h y d r o g y l  and s t r o n g  l a c t o n e  band s*  f u r t h e r  e l u t i o n  
w i t h  20; e t h a r - b e n a e n e  (4 x 500 m l*) f u r n i s h e d  t h e  
h y d r o x y - e s t e r  (p CVXJT$ Ba e) b.b b c o l o u r l e s s  o i l  (1 1 * 2 3 $ * )  
A s o l u t i o n  o f  t h e  h y d ro x y -© a  t e r  ( 1 1 .2 3  s * ) i n  
m e th a n o l  (5  m l.  ) w»e r e f l u x e d  w i th  a s o l u t i o n  o f  p o t a s s  ittiB 
h y d r o x i d e  (6 *1  g * )  I n  w a t e r  (10  m i . )  on e s te am  b a t h  
t o r  2 . 5  h ra *  * f t e r  e v a p o r a t i o n  o f  s o l v e n t *  t h e  c o o le d
r e s i d u e  was d i s s o l v e d  i n  w a t e r  and  e x t r a c t e d  w i th  e t h e r *
2l£.
The com bined e t h e r e a l  e x t r a n t s  w e re  w ashed w i th  
s a t u r a t e d ,  a montum s u l p h a t e  s o l u t i o n  and  d r i e d  o v e r  
m agnesium  s u l p h a t e #  ;-; v a p o r s  t  i o n  o f  s o l v e n t  a f f o r d e d
a m ix t u r e  o f  t h e  ep i& erl©  h y d r o x y * a c id s  (0X 071IX* K#B] 
r e  a t h i c k  o i l  (10#06 g * # 96, ) w h ich  r a p i d l y  s o l i d i f i e d  
t o  a  c r y s t a l l i n e  mass m*p# 113*145°*  f r a c t i o n a l  
c r y a t a l l l a s t  io n  fro® e t h y l  a e e t a t e * l i g h t  p e t r o l e u m  d i d  
n o t  e f f e c t  e s p a r a t i o a  o f  t h e  s p i d e r s #
a so lu tio n  of  the c r y s t a l l i n e  e p lmerle hydroxy* 
so la s  ( c m v t t l i  R«a) (14*1 g # ) in  acetone (50 ml#}9 
cooled to  0° #  was t i t r a t e d  with 9*7& caromturn 
t r to x ld e  in  su lphuric  so ld , a 5 ml# excess added and 
t h e  mixture a lowed to stand for 0*5 hr# in  m  le#*feath#
The i x t u r e  mmm p o u re d  i n t o  a  i& r g s  vo lum e o f  w a te r#  
s a t u r a t e d  w i t h  ammonium s u l p h a t e  a n d  e x t r a c t e d  w i th  
e th e r #  The com bined e t h e r e a l  e x t r a c t s  w e re  w ashed 
w i t h  s a t u r a t e d  a  montu® s u l p h a t e  s o l u t i o n  a n d  d r i e d  
o v e r  m agnesium  s u l p h a t e #  L v a p o r a t l o n  o f  s o l v e n t  a f f o r d e d  
t h e  k ^ t o - a c l d  m  a  v i s c o u s  o i l  (13*4  g # ) w h ic h  s lo w ly  
s o l i d i f i e d  a t  0 °  (m*p# 9 3 *1 1 0 ° )#  r e p e a t e d  c r y s t a l l i s a t i o n  
from b e n ? e n e  o r  e t h y l  a c e t a t e  f u r n i s h e d  t h e  ic e to ~ a c id  
i n  P3/ y i e l d ,  a s  c o l o u r l e s s  o r i s m s  m*p* 1 51* 5*1 53°  w i th  
w e ep in g  from  1 3 # #  (Founds C* 6 7 .1 }  h ,  6#0 5 # C u ^ l 6 ^ 3  
r e q u i r e s  C 9 67*31 H» 8#2^}« Tna p r o d u c t  snowed b a n d s  a t  
ju ~ S o f • ( o y c l c h e i t a x o M ^  a n d  b a n d s  a t  32^>*;^30w and 1 6 6 3oo* 
f o a r o o ^ y  j > ^  l n f r a * r e d #  _________________________
t e ...























Blmonsen and B a r to n .  * The T e r p e n e s * , V o l .  I l l  
C am bridge  U n iv .  F r e e s ,  1952* 
co r® , a t m l b l ,  J a r o l t ® ,  L o v o tn y ,  D o l e j s  and  t o r o u t ,  
C o l l .  Csech# Che®# Cor-®., 19 54 , 1 £ ,  5 7 0 .
Ao b i ,  B a r to n  and L i n d s e y ,  J . ,  195 3 , 3124 .
A e b l ,  B a r to n ,  B u r g e t a n l e r  a n d  L in d s e y ,  J . , 1954 , 4 6 5 9 .
( a )  B a r t o n ,  B ruun  and  L in d s e y ,  Che®, and  I n d . ,
1951 , 9 1 0 .
(b )  a r t o n ,  i r u u n  and  L in d s e y ,  J . , 1952 , 221Q. 
s r t o n ,  B runn and  L in d s e y ,  Cham* a n d  I n d . ,  1952 , 6 9 1 . 
a  U r  e h  and  a l k e r ,  A n n .,  1 8 9 2 , 2 7 1 . 285*
R o b e r t s o n  and  I  o d d , Che®, an d  I n d . , 1 9 5 3 , 4 3 7 .
e l l  and  M enderson , J . , 1 9 3 0 , 1971#
A sa h ln a  an d  T aakem oto , J * ?h&r®. ooc# J a p a n ,  .1922, 4 6 3 . 
A s a h ln a  and T sukam oto , Chem. Z e n t r . , 1922 , I I I ,  8 2 6 .  
R u s le k a  an d  0 l b s  on , H e lv .  Ghlm. A c t a . ,  1931 , 14., 570* 
Lut?. and  H e ld ,  J . ,  1954 , 2265# 
s c h e n m o s e r  and  O u n th a rd ,  E e lv #  Chlm. m t a # ,
19 51 , 2 4 ,  2 3 3 8 .
T r e l b s ,  Ohm* B e r . , 194 7 , J$2* 5 6 .
L u t s  a n d  R e id ,  Q : m »  and I n d . ,  1953 ,  7 4 9 .
L u ts  and  R e id ,  Chem. and f n d . ,  1953 , 2 7 8 #
A e b l ,  B a r to n  end  L in d s e y ,  0hem* and I n d . ,  19 53 , 7 4 8 .  
M en derson , cC rone  and R o b e r t s o n ,  J* 192 9 , 13 6 6 .
C lu n ie  and  R o b e r tso n *  F r o e .  Chem. i ioc* , I 9 6 0 , 82*
22o.























B a r to n  and ftlekoit* J* # 1954# 4665*
F a rm er  and Roar# J * ,  1925# 1 2 7 . 2 3 5 8 .
A l b e r t s o n ,  J . A . C . S . ,  1948, 7 0 . 669# 
o r t c  and  a c h l e l d t ,  Cham. Bar*# 1955# 88# 1 6 7 6 .
V o rla ru de r ,  A n n .,  1 8 9 7 , 294. 253*
. t t e t t e r ,  in g e w . Chem., 1955# 62# 7 6 9 .
tfeiviRan an d  c 9 h e r s o n ,  J .  O rg. o n e rs . ,  1954# 1 9 . 17 17 .
V oge l,  J . #  1934# 1758*
c h a fe r #  Loeb and o h n so n , 1953# IS# 5 9 6 3 .
and  B a o u l t ,  J * A . c . j #, 1943# §5* 631*
Cronyn and M e s s e r ,  J .A .C . o # ,  1953# 7 5 . 1664*
Arndt# Org* J y n t h . , c o l l .  v o l .  I I ,  p .  165* 
e l l a m y ,  1 The I n f r a - R e d  S p e c t r a  o f  Complex M o l e c u l e s 4# 
e t h u e n ,  1 9 5 8 .
Cooe# J . A . C . : ; . ,  1937# £9# 2 3 2 7 .
Cone and  H o y le ,  J . A . C . O . ,  1941# 62# 733*
Bergm ann, O ln s b u r g  and  Fa coo, O rg . R e a c t i o n s ,  V o l .  10, 
p .  1 7 9 .
McRae and. L spw orth#  J .  1922# 123.. 2 7 4 1 .
Saha# Bag c h i  am! O u t t s ,  Chem. a n d  I n d . ,  1954# 1143*
B i t  e k e ,  A?,u&ra# D oo renb os  and H o t e l l i n g ,  J . A . C . b . ,
19 5 3 , 7£# 5 4 1 8 .
L eo n a rd  and  B entz#  J . i u C . B . #  1952# 24* 1 7 0 4 .
L e o n a rd  and  s o h l m e l p f e n l g ,  J .  Org# c h e n u ,  1 958 , 22*1708 , 
Todd, O rg . f ©action©* v o l .  4 ,  p .  378.
Adams and  O l i o h ,  J .A .C .B # #  1920 , 4 2 , 5 9 9 .
221.
















6 0 .  
6 1 .
6 a .
S t e n g e l ,  Betch© ned© r a n d  j u t e r ,  hW&m* Che® ., 
19 56 , 6 8 , 4 4 1 .
Ja lro i  and  f ta i tn lk ko , B e r . , 1 9 3 9 , 7 2 * 600* 
s a l s b a e h e r ,  Bargmann and I a r i s e r ,  J..- . 0 . 3 . #  1 9 4 8 ,
7U, 2 8 2 7 .
J o n e s ,  J . A . C . d . ,  m *  I I #  4 0 7 4 .
Dauben» L oken and H ln g o ld ,  J . A . C . S . ,  1 9 5 4 , 2 6 ,  1 3 3 9 . 
C h r i s t  and f u a o n ,  J . A . C . S . ,  1937 , 5 9 .  893 .
' t s t i e k o e s k y ,  R u h o f f ,  S m ith  a n d  V aughan , J . A . C . 3 . ,  
1 9 3 5 , S I ,  8 7 6 .
Henne and  T e d d e r ,  4 . ,  1953 , 3628 . 
co o k , H&phael and  c o t t ,  J . ,  19 51 , 695* 
l i d s  end e a d e r#  4• O rg . Cham., 19 4 8 , 1 J ,  7 6 3 .
King an d  o o r k ,  J * ,  1940 , 130?*
B a r to n ,  Gain c o s - . m e n  a n d  S c o t t ,  J . ,  1 9 5 7 , 2693*
1 OSa»r, Eatperindents in. Organic Chetwis+'r^>> HecL+kj
B o s to n ,  ISS55 |> .*6.
^ h r l n e r ,  * ue on an d  C u r t i n ,  * s y s t e m a t i c  I d e n t i f i c a t i o n  
o f  O rg a n ic  compounds?1, v I  l e y ,  1 9 4 $ , p .  I l l *  
d rn u d e  and  C o le s ,  J . ,  1 9 5 0 , 20 1 2 .
Uuhm, Dorm an d  Zook, J . A . G . 8 . ,  1955 , 21* 4406* 
i r e u d e  an d  C o le s ,  J * ,  195-2, 1425 .
© r c i v a l ,  e a g n e r  and Cook, J . a . c . s . ,  1 9 5 3 , 3731 .
O ilm a n , W i lk in s o n ,  k i a h e l  and  e y e r s ,  J . A . C . S . ,  1 923 , 
4&. 1 5 0 ,
222.
63* Tf-rtele, C t t#  a r p l a  a n d  B earn© , I n d .  Kng# Chen?.,
1 9 4 1 . u 5*
64* c o l s n g e  and  . o a t a f l t v i ,  B u l l*  ^ o c .  ehlm* F r a n c e ,
1 9 3 9 , 6 , 335*
6 5 .  ^ o la n g e  and  Dumont, B u l l .  doc# c h i® . F r a n c e ,  19 4 7 ,
M *  36#
6 6 * Cava, ’*11 eon and. t I l i a n ® ,  J#&#C#d#, 1 9 5 6 , 2§* 23^3*
67* ::>r e s l o w ,  B au m g ar ten  and  H a u s e r ,  J* *C#8*, 19 44 ,
6 6 , 1386*
6 8 . oodw ard , r u  t e c h y  and B e e r ,  J#A #C*J#, 1 9 4 8 , 22* 4216 *
69# r d e k in d  a n a  E n g e l ,  J*  n r e > t*  Cham*, 193 4 , 13£j. 115*
7 • Connor and c C le l l& n ,  J .  Org# Chao?*, 19 3 9 , 2 ,  5 7  •
71* c inob iiT g  and ;@npo, J # ,  1951# 93-8*
72* o e la c h  and S u n d e t ,  J*A#C#B#, 1959 , 22* 1844*
73* H u ssey , u la o  and  B a k e r ,  J * * G # d # ,  i 9 5 3 ,  H ,  4727*
74* J u l i a , Corapt* r o n d * , 1953, 2 3 7 , 913*
7 5 .  *> i n  an d  Eddy, 4 # \# C * b # , 19 4 8 , 2 i*  2989*
76# woodward, Cava, O l l l a ,  H u n g e r ,  B & en ik e r  and  d c h e n k e r ,
J . f t .G .B * ,  1 9 5 4 , 2 6 , 4749#
77* H e l  a on and  o r t l m e r ,  J* Org* Chen?#, 1 9 5 7 ,  2 2 ,  1146*
78# B la d e n ,  s e n b e s t  and  c o e d ,  Chem# and  I n d # , 1951 , 86 6 *
79# H a l a a l l ,  Chem* a n d  Ind.#, 1 9 5 1 , 867*
SO* i n s t e i n  and  n e c k ,  J#A *c#S*, 1956 , 2 2 ,  4 8 0 1 .
81* I n e t e l n  and  B a i r d ,  J*A.*C#-.>*, 1957 , 2 2 ,  756#
8 9 , Koo, J*A#C#B#, 19 53 , 2 2 ,  720*
223.
f*3. B i e g e l  and L l l l e n f e l d ,  J .A .G * .;* ,  1 9 4 5 , §2» X:?7 3 .
84* r o u t ,  J • Ora* One®*, 1953 , i§ >  928*
85* e r l l n ^  and e i d e ,  Ann*, 1 9 0 9 , 3 65 , 119*
8 6 * J u o p ,  on and H o c k to n , J * ,  1928 , 1638*
87* A e lg a r ,  Blocftem# J * ,  1948 , 4 2 , 206#
8 8 * A i e la e n ,  G ibbon#  an d  immeraisnn, J .A .C .B * ,  1 951 ,
2 1 ,  4696*
89* J h t v a r a ,  D i l l o n  and  H a u s e r ,  J . A . c . a * ,  1 9 4 7 , 6£ ,  119* 
90* Ra.be, B e r * , 1 8 9 8 , 1 1 ,  1896*
9 1 .  Hebe, B e r , ,  1 9 0 3 , !& , 2 2 5 .
9 2 .  R*be and W e i l i n g e r ,  B e r . ,  1 9 0 3 , 1 6 , 2 2 7 .
9 3 .  B abe, B e r . ,  1904 , £ £ ,  1671 .
94* Babe and  V e i l i n g e r ,  B e r * , 1 9 04 , 1 2 ,  1667*
95* B abe, Ann*, 190 8 , j 6 v ,  2 6 5 .
9 6 .  Rabe and  B b r e n s t e l n ,  nn* , 1 9 0 8 , 3 6 271.
9 7 .  u e k e l ,  ’ i h e o r a t i e o h e  G -rundlagen d e r  O rg a n ls o h e n
Gh e is ie  1 , L e i p z i g ,  1043# P* 2 0 5 .
9 8 .  d i s t o r t ,  p b y s .  Gheti*, 1 9 4 3 , 1 9 2 * 382*
9 9 .  R abe, B e r . ,  1943 , 2a» 9 7 9 .
1 0 0 .  Rabe end  E l s e ,  A n n .,  1902 , 3 2 3 * 83*
101* Rabe a n d  Appuhn, B e r* ,  19 4 3 , 2 § ,  982*
1 0 2 .  B r e d t  and  H o ls ,  J  * ? ra k t*  Obem., 1917 , J 1 ,  133 .
1 0 3 * , c b u l e r ,  B e r* , 19 4 3 , 2 6 ,  9 8 7 .
1 4* t te e rw e tn  and  G eh u m aitn , Ann* 19 1 3 , 3 9 8 * 196*
1-5* e e r w e in ,  K i e l ,  K lo ag en  and  doh o cb , J .  > rak t*  C h e s . ,
1 9 2 2 , l j J . ,  1 6 1 .
224-.
106# B ra g g # Proc# .-hyg# boc»# 1921# 22* 304#
107# rjtobbe  and. P o sen b e rg #  J • o r a k t#  Chem*, 1912# 06# 226#
108# # l l a n  arid B a l l a n s #  Can# J .  Has*# 1933# 2* 574#
109# B a r b u le e c u ,  A na le i©  un lv#  * o*I# s r  io n 1 B u c u r e a t i ,;
e r#  o t i i n ^ # ,  r r  t # , o o .  20# 7 9 #
11-♦  .UJ.nda and  aoh aeek#  C o ll#  , r a v #  ghlm# T eh e o o e lo v a a t t le #  
19 33 . 5» x *
111# Blroii#  C u llum , Dean and Deny o r ,  m a tu re ,  1952 ,
1 7 0 , 6 2 9 .
112# B o t t g e r ,  Bor## 1937# 12# 3 1 4 .
113* i r e l o g  and  S o lw e r th #  B e r# ,  1 9 4 1 , 1 6 4 4 .
1 1 4 .  t e t t e r #  B a n d e r  and  fteumann# Chem# h e r * ,  1956 ,
82# 192 2 .
115 .  r e ! o r #  Barman an d  ^Imsaermann# a e lv #  C hls#  . e t a # #
194 9 , 32# 1 2 8 4 .
1 1 6 . l o h t e r l e ,  P roohi?aka  and tiofm en, C o ll#  Czech# Chem#
coma*, 1 9 4 8 , 12 , 300#
1 1 7 .  J u l i a #  B u l l#  aoc# chi®* t r a n c e ,  1954# Zk* 780#
118# J t o l l ,  A l l lh a lm  and  Buohl# Helv# Chim* Acte## 19 55 ,
2S# 1 5 7 3 .
119# Buohl# B ieaam s# V t t te m b e r g *  and  S t o l l ,  *?#A*€#s»#
19 5 6 , 2 8 ,  2622#
1 2 0 .  co e ,  rew cett a n d  Au-n# J*  «C#S#, 19 5 0 , 22# 3399#
1 2 1 .  c o p e ,  i o k  and F a r o e t t #  J«r#C #b«# 1954 , 6156#
122# Cope and  Bermann# J .4 * C # o # ,  1 9 5 0 , J 2 t 3 4 0 5 .
22 5 .
123* Cope and  S y n e rh o lm , J*A«C*$* 19 5 0 , J2 ,  5226*
124* Cope, Graham and  M a r s h a l l ,  J*A*C#8% 1 9 5 4 , 2 6 ,  6159* 
125* I a p a d a k lB ,  H a l l  a n d  A u g u s t in e ,  J* Org* Cheat*,
1 9 5 8 , 2 1 ,  1?3«
1 2 6 . ^ t o r k  and  L andesm an , J*A *C*s*, 1956 , 7 8 , 5129*
127* -o p e  end  Graham , J# A * £ •$ * ,  1 9 5 1 , X2» 4702*
128* L o f t f i e l d ,  J . A . C . S . ,  19 51 , H ,  4707*
129* J o h n s o n ,  C o r s t ,  C lem ent and  B u t t s ,  v#A*C*3*, 1960 ,
3g , 614*
1 3 0 * Sroekmann and  ^ o h o d d e r ,  B e r* ,  194 1 , 73*
131* o t z  a n d  M ic h e l s ,  A n n . ,  190 6 , 3 4 8 . 9 1 .
132* J h a v e r l ,  Ph.D* T h e s i s ,  G lasgow  U n i v e r s i t y ,  I 9 6 0 .
1 3 3 . F i e s e r  and  s e l i g m a n ,  J*A#C«3«, 1936 , 5 8 . 2482*
1 3 4 .  u h e p p a rd  a n d  S im p so n , Q uart*  R ev s* , 1 9 5 2 , 1*
135* ? oodw ard , J . A . C . 5 . ,  1941 , 6 3 , 1123*
136* S t r s c h e w a k l ,  Angcw. Chem*, 195 9 , J l P 726*
137* v a r t  i n ,  o rg *  R e a c t i o n s ,  V o l .  I ,  p * 1 5 5 .
1 3 8 .  u u a n g - A in lo n ,  j «a #C«£»» 1 9 4 9 , I I ,  3301*
139* B a r to n ,  I v e s  and  Thomas, J * ,  1 9 5 5 , 2 0 5 8 .
1 4 0 . U p e z l a l e ,  S te p h e n s  an d  Thompson, J* A .C *~ * , 1 954 ,
J 6 ,  5 0 1 1 .
141* J e a n l o s ,  P r l n s  and  von Euw, B elv#  Chim* A c t a . ,
19 47 , 1 2 ,  374 .
1 4 2 .  F e e d ,  J . ,  1 9 5 8 , 3432*
143* hewman a n d  B e a l ,  J . a . c . p . ,  1 9 5 0 , 1 2 ,  5163*
144* Buga, B u l l .  Chem. soc*  J a p a n ,  1958 , 1 1 ,  5 6 9 .
145* O n p e n a u e r  and  O b e r ra u o h ,  A n a le s  Asoc* qu lm . a r g e n t i n e ,  
1 9 4 9 , H ,  246*
4*
